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Executive Summary  

The Revised Feasibility Study and Source Control Evaluation (Revised FS/SCE) was prepared to evaluate 
remedial options and recommend a remedial alternative to address unacceptable baseline risk identified at 
the Willamette Cove Upland Facility (Facility). The Revised FS/SCE was prepared as part of Voluntary 
Cleanup Program Agreement (VCP) EC-NWR-00-26 between the Port of Portland (Port), Metro, and the 
Oregon Department of Environmental Quality (DEQ: ECSI No. 2066).  A summary of the evaluation and 
recommendation is presented below. Please refer to the main body of this report for additional discussions.  
 
The Facility is located along the northeast bank of the Willamette River in Portland, Oregon (Figure 1). For 
purposes of describing the Facility, it has been divided into West, Central, and East Parcels as shown on 
Figure 2.The Facility, owned by Metro, is defined as inland from the ordinary low water line (OLWL) to the 
property lines. The scope of work for the VCP Agreement is limited to inland from the mean high water (MHW) 
to the property lines.  DEQ, the U.S. Environmental Protection Agency (EPA), and the Port have agreed that 
the site riverbank at the Facility will be addressed as part of in-water activity. The Facility riverbank is defined 
as the area from the waterline to the top of bank (TOB). Figure 3 presents representative cross sections of 
the Facility with relevant datums labeled.  
 
Although the property is currently vacant, it was historically occupied by the following industrial facilities from 
about the 1900s to the 1960s: a plywood mill on the West Parcel; a dry dock on the Central Parcel; and a 
cooperage manufacturing plant on the East Parcel (Figure 2). Prior to the 1900s, the area was undeveloped 
shoreline and floodplain. The most specific discussion of future development of the Facility includes 
restoration as a natural area to support aquatic, bird, and native vegetation species. The regional trail plan 
adopted by Metro shows a proposed trail on the Facility (Figure 2).  
 
Numerous investigations, assessments, and environmental actions have been performed at the Facility since 
1988. The Port and Metro conducted the Remedial Investigation (RI) of the Facility between April 2001 and 
September 2002. The RI combined historical information (prior to 2001) and results of the investigation to 
develop a conceptual site model and a list of contaminants of interest. Multiple subsequent investigations 
were conducted between 2002 and 2017 to further investigate areas identified in the RI and resolve data 
gaps.  
 
Results of the source control evaluation (SCE) are summarized in the report below and presented in detail in 
Appendix D. Source control remedial action, including any work to address groundwater or soils on the 
riverbank, will be conducted concurrent with the PHSS in-water work. Complete migration pathways on the 
Facility include erosion of riverbank soil and groundwater to surface water. Sampling results for soil from 
below the TOB and other areas of potentially erodible soils, and groundwater were screened against relevant 
screening levels from the ROD and the Joint Source Control Strategy (JSCS). The contaminants of 
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concern(COCs) identified during the SCE include metals, TPH, PAHs, PCBs, and dioxin/furans for soil and 
arsenic, pentachlorophenol, PAHs, 4,4’-DDD, and PCBs for groundwater.  
 
Baseline ecological risk at the Facility was evaluated in the Level II Screening Residual Ecological Risk 
Assessment. Baseline human health risk was evaluated in the Residual Human Health Risk Assessment. 
Data collected after completion of the risk assessments was incorporated into the baseline risk to develop site 
specific preliminary remediation goals (PRGs) in a technical memo. Soil data from the upland site (from MHW 
to the property boundary) was screened against the PRGs to assess current risk at the Facility. The COCs 
include metals, PAHs, PCBs, and dioxin/furans for both ecological and human health receptors. The primary 
risk driver for all receptors at the Facility is from dioxin/furans. The site conceptual model was refined by 
assessing the vertical and horizontal extent of COCs in soil above the TOB. Developed remedial actions 
address soil from TOB to the property boundary. Soils below the riverbank will be addressed as part of the 
PHSS in-water work.  
 
Remedial action objectives (RAOs) were developed to provide the framework for developing and evaluating 
remedial action alternatives.  RAOs for ecological receptors are to prevent exposure of ecological receptors 
to soil containing COCs above the receptor specific screening levels, and remove or treat soil with COC 
concentrations above the hot spot levels to the extent practicable. RAOs for human receptors are to prevent 
active recreational exposure to surface soils with COC concentrations exceeding receptor-specific RBCs, 
prevent exposure of passive users and construction workers to surface soil on the Central Parcel with 
dioxin/furan TEQ concentrations exceeding receptor-specific RBCs, and remove or treat soil with COC 
concentrations above the hot spot levels to the extent practicable as defined by DEQ rules. 
 
Remedial action alternatives were developed to address upland soil with identified unacceptable baseline risk. 
Alternatives were developed by identifying general response actions and corresponding technologies and 
screening the technologies to eliminate technologies that are not feasible based on site conditions. Feasible 
stand-alone technologies identified for the Facility include excavation and capping. Excavation and capping 
options were combined with supporting and supplemental technologies into a list of site-specific cleanup 
action alternatives.  
 
All alternatives (except the no action alternative) are intended to be protective of human health and the 
environment.  Each alternative was evaluated using the balancing factors. The results of the evaluation were 
used to provide a ranking of the alternatives relative to each other.  Based on the detailed evaluation and the 
comparative analysis, Alternative 4c: Focused Alternative Excavation with Off-Site Disposal/On-Site 
Consolidation and Cap is the best upland remedy. This remedy includes removing all soil with concentrations 
above non-dioxin hot spot levels for disposal in a landfill, consolidating soil with concentrations above human 
health PRGs on-site, and capping remaining soil with concentrations above ecological PRGs. Institutional and 
engineering controls and a deed restriction identifying the presence of the soil consolidation area, cap, and 
contamination would be required. 
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The selected remedy is considered to be very effective at managing residual risks over the long term.  The 
highest relative concentration materials would be removed from the Facility and disposed of in an off-site 
permitted landfill.  Consolidation and capping of the remaining soil exceeding human health PRGs, and 
capping of the remaining soil exceeding ecological PRGs  assures that the long-term inspection and 
maintenance will successfully manage the risk.   
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1.0  Introduction 

This report presents the feasibility study and source control evaluation for the Willamette Cove Upland Facility 
(the Facility).  The Combined Feasibility Study and Source Control was submitted to the Oregon Department 
of Environmental Quality in September 2017.  This Revised Feasibility Study and Source Control Evaluation 
(Revised FS/SCE) was prepared as an update to the September 2017 report and to address comments from 
relevant regulatory agencies.  Appendix A summarizes the history of the document development including 
comments and comment responses to prior document versions.  The Revised FS/SCE was prepared as part 
of Voluntary Cleanup Program (VCP) Agreement EC-NWR-00-26 between the Port of Portland (Port), Metro, 
and the Oregon Department of Environmental Quality (DEQ).  The Facility is defined in the DEQ 
Environmental Cleanup Site Information (ECSI) database as ECSI No. 2066.  
 
1.1  Purpose 

The purpose of the Revised FS/SCE is to evaluate remedial options and recommend a remedial alternative 
in accordance with the requirements of DEQ rules and guidance that address the unacceptable baseline risk 
identified in risk assessment and source control evaluation. 
 
1.2  Report Organization 

The following is a brief overview of the organization of the report. 
 
Site Background.  Section 2 describes the Facility; site history; current conditions and proposed uses; soil, 
groundwater, and surface water; and previous environmental investigations and actions. 
 
Source Control Evaluation.  Section 3 presents the results of the SCE for  soil, groundwater, and stormwater 
updated based on DEQ comments on prior source control documents, incorporating data from recent 
groundwater sampling events, and inclusion of the Facility riverbank as part of the Portland Harbor Superfund 
Site (PHSS) in-water activity. 
 
Risk Assessment Summary.  Section 4 summarizes the results of the ecological and human health risk 
assessments and updated risk screening of data collected since completion of the risk assessments.  The 
summary identifies areas that are above acceptable risk levels and high concentration hot spot levels. 
 
Site Model.  The information from Sections 2 through 4 is synthesized in Section 5 to identify the key 
information needed to complete the FS.  This summary includes the nature and extent of contaminants, 
existing conditions, presumed future site use, and discussion of coordination with PHSS cleanup activities.  
 
Remedial Action Objectives and Remedial Action Area.  Section 6 defines and discusses the appropriate 
remedial action objectives (RAOs) for the Facility and the criteria by which potential remedial action 
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alternatives will be evaluated.  The extent of the areas that exceed acceptable baseline risk levels, hot spot 
levels, or remedial action levels are described in Section 7. 
 
Technology Evaluation and Remedial Action Alternatives.  A list of general response actions is developed 
and presented in Section 8 to address the conditions encountered in the remedial action areas described in 
Section 7.  These general response actions form the basis for generating and screening technologies.  
Potential remedial technologies were developed for each general response action identified.  Technologies 
were then evaluated with respect to specific site conditions, waste characteristics, and the ability to achieve 
the RAOs.  The technologies remaining after the screening process were then combined to create potential 
alternatives for further detailed analysis. 
 
Detailed Analysis of Remedial Alternatives.  The potentially feasible remedial action alternatives are more 
fully developed in Section 9.  The protective alternatives are evaluated on the basis of the balancing factors 
(effectiveness; long-term reliability; implementability; implementation risk; and reasonableness of cost) and 
the degree to which the alternative addresses removal or treatment of hot spots.  The evaluation includes 
sufficient detail to identify comparative or relative differences among alternatives.   
 
Comparative Evaluation of Remedial Action Alternatives and Recommendation.  After completion of the 
detailed screening, the feasible remedial alternatives are ranked in Section 10 on the basis of a comparative 
analysis within the balancing factors.  Based on the results of the comparison rankings, a remedial action 
alternative is recommended.  The recommended remedial action alternative and residual risk that is 
anticipated if the recommended alternative is implemented are discussed in Section 11. 
 

2.0  Background 

2.1  Site Description 

The Facility is located along the northeast bank of the Willamette River in the St. Johns area of Portland, 
Oregon.  Figure 1 shows the location of the Facility.  The Facility is situated between River Miles 6 and 7 on 
the Willamette River and is mostly in Section 12 of Township 1 North, Range 1 West, Willamette Meridian.  
The Facility has been owned by Metro since 1996.  Figure 2 provides a current plan of the Facility as well as 
the surrounding area.  For purposes of describing the Facility, it has been divided into West, Central, and East 
Parcels as shown on Figure 2. 
 
Extent of the Upland Facility.  The upland portion of the Facility is approximately 3,000 feet long and varies 
from 110 to 700 feet in width.  The cove is set in up to 800 feet from the main river channel; it was created 
primarily as a result of the placement of the embankment leading up to the Burlington Northern Santa Fe 
(BNSF) railroad bridge. The Facility as defined in the VCP Agreement covers approximately 24 acres of 
upland area that is inland from the ordinary low water line (OLWL).  However, the scope of work for the VCP 
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Agreement limits the work to inland from the mean high water (MHW) line (defined as 13.3 feet, North 
American vertical datum 88 [NAVD88] datum) to the property line with the Union Pacific Railroad (UPRR).  
DEQ, the U.S. Environmental Protection Agency (EPA), and the Port have agreed that the site riverbank at 
the Facility will be addressed as part of in-water activity (defined as the area from the waterline to the top of 
bank [TOB]). Figure 3 presents representative cross sections of the Facility with relevant datums labeled.  
 
Access.  The Facility is accessible by vehicle from North Edgewater Street.  A locked gate is present at the 
north end of North Edgewater Street one block south of its intersection with North Willamette Boulevard.  A 
gravel roadway is present on the Central and East Parcels, but vehicle access is limited by concrete 
blocks/rubble at the North Edgewater Street entrance.  Access to the area by foot or from the river is possible. 
 
Structures and Improvements.  There are no structures on the Facility.  Indications of previous structures 
include a large concrete foundation and a paved roadway in the eastern portion of the Facility, several smaller 
concrete structures or foundations, and structural piling within the cove and along the riverbank.  Riprap is 
present along much of the riverbank.  Sandy beaches are present at the west end of the Central Parcel and 
at the inner portion of the cove on the East Parcel. 
 
Topography.  The Facility is situated on a terrace created by historical filling.  Overall, the topography of this 
terrace is flat, with an elevation ranging between 30 and 45 feet (all elevations in the report refer to NAVD88 
unless otherwise noted).  The southern portion of the West Parcel is slightly higher, at elevation 50 to 55 feet.  
Berms and hummocks are occasionally present.  The riverbank is generally a steep slope down to the river.  
Figure 3 presents representative cross sections of the Inner Cove and the Central Parcel of the Facility. The 
river water elevation is typically less than 10 feet and is subject to a mean tidal range of about 2 feet. 
 
The BNSF railroad embankment along the southeast perimeter of the cove rises steeply about 50 feet above 
the cove.  North of the property, across the UPRR tracks, is a naturally formed 120- to 150-foot-high bluff.  By 
the Central and East Parcels, this bluff rises at approximately 5H:4V.  Near the West Parcel, the slope is 
approximately 10H:3V. 
 
Vegetation.  A development planning document (Alta Planning and Design, 2010) summarizes results from 
a natural resource assessment of the Facility completed in 1999.  Appendix B includes a figure excerpted 
from the report showing the major vegetation communities on the Facility.  The midstory trees include native 
species such as madrone, big leaf maple, and Oregon white oak. 
 
Surrounding Properties.  The Facility is bordered on the northeast by the UPRR tracks.  Farther to the 
northeast is a vegetated bluff.  A residential area is present on top of the bluff and farther inland.  Bordering 
the northwest side of the Facility is a vacated portion of North Richmond Avenue with industrial property 
beyond.  To the southeast is an embankment for the BNSF railroad bridge over the Willamette River.  On the 
opposite side of this embankment is the former McCormick & Baxter Creosoting Company, a federal 
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Superfund Site.  Soil and groundwater beneath the southern portion of the East Parcel of the Facility have 
been impacted by a contaminant plume (including polycyclic aromatic hydrocarbons [PAHs], semi-volatile 
organic compounds [SVOCs], dioxins/furans, arsenic, chromium, copper, zinc, pentachlorophenol, and non-
aqueous phase liquids [NAPL]) emanating from the McCormick & Baxter Creosoting Company Superfund Site 
(McCormick & Baxter).  The McCormick & Baxter contaminant plume has migrated northwestward from 
McCormick & Baxter’s former wood treatment operations, under the railroad embankment, and has emerged 
in the sediments of the cove.  DEQ, acting on behalf of the EPA, implemented a remedial action consisting of 
a subsurface barrier wall on the McCormick & Baxter site and a sediment cap that includes a portion of the 
cove sediments.  The McCormick & Baxter remedy was implemented prior to cleanup levels being established 
for the PHSS.  
 
2.2  Historical Site Use 

West Parcel.  The West Parcel was originally developed in 1901 as a plywood mill and operated as a wood 
products facility into the 1970s.  The property was purchased by the Portland Development Commission 
(PDC) in 1979.  The property has remained vacant since.  In 1996, the property was sold to Metro for the 
purpose of creating a green space area to be used as a public park.   
 
As presented in the Remedial Investigation (RI) report (Hart Crowser, 2003), historical features on or adjacent 
to the West Parcel posing a potential environmental concern included a glue mixing and gluing room, glue 
storage, presses, debarkers, an oil house, a blacksmith shop, a grinding room, fuel tanks, and an underground 
petroleum pipeline in the railroad right-of-way.  Possible contaminants associated with these features are 
phenol and formaldehyde (from glues); total petroleum hydrocarbons (TPH) and PAHs (from fuel and hydraulic 
oil use); metals (from grinding); volatile organic compounds (VOCs; from use of solvents to clean metal); and 
polychlorinated biphenyls (PCBs; from hydraulic oil).  Additionally, a former log pond on the West Parcel was 
filled in approximately 1973 (see Figure 2).  The fill was sourced from within the PHSS, reportedly from the 
Arkema Chemicals Company site located directly upstream and across the river from the Facility (Integral, 
2008).  The material imported to fill the log pond may have contained these or other chemicals associated 
with the PHSS such as pesticides. 
 
Central Parcel.  The Central Parcel was developed in 1903 in conjunction with the construction of the  
St. Johns Dry Docks at the Facility.  Between 1903 and 1924, shops and ancillary structures that provided 
support for dry dock activities were constructed.  The dry docks were closed in 1953.  The western portion of 
the Central Parcel was sold in 1950 and it was incorporated into the plywood and lumber mill operations on 
the adjacent West Parcel.  The remainder of the Central Parcel was sold in 1953 and developed as a sawmill.  
By 1970, the sawmill was no longer in use.  Up until 1981, portions of the property were used for a variety of 
purposes such as log rafting, a marine salvage company, a demolition contractor facility, woodworking 
facilities, and boat building.  By 1981, the property was purchased by PDC, and PDC demolished the buildings 
by 1982.  The property has remained vacant since.  In 1996, the property was sold to Metro for the purpose 
of creating a green space area to be used as a public park.   
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As presented in the RI report, historical features on or adjacent to the Central Parcel posing a potential 
environmental concern included a machine shop, blacksmith shops, an air compressor room, an oil 
warehouse, a paint shed, a fuel oil standpipe, a debarker, a saw filing room, dry docks, a power house, 
transformers, and an underground petroleum pipeline in the railroad right-of-way.  Possible contaminants 
include TPH, PAHs, metals, VOCs, and PCBs (from transformers and hydraulic oil). 
 
Additionally, an area of concentrated debris was encountered and removed during a soil removal action in 
2015.  During the excavation, a layer of multi-colored soil was found directly on top of areas of concentrated 
debris.  This layer of soil ranged from approximately one to three inches thick and consisted of white, red, and 
black layers.  Distinct from and below the multi-colored soil was debris.  The debris consisted of brick and 
metal from surface to a depth of up to 5 feet below ground surface (bgs), but the debris was concentrated 
from approximately 2 to 5 feet bgs.  A matrix of white to gray colored soil was observed in the debris within 
areas of concentrated brick.  The location of the debris area coincided with the highest concentrations of 
dioxin/furans found in soil at the Facility.   The source of the debris is not known. 
 
East Parcel.  The East Parcel was historically occupied by a cooperage plant (i.e., wood barrel manufacturer) 
from 1915 until the 1950s (when declining demand led to a focus on plywood production).  Until 1980, a variety 
of wood-product-related businesses occupied the parcel.  PDC purchased the property in 1980 and 
demolished the buildings by 1982.  The property has remained vacant since.  In 1996, the property was sold 
to Metro for the purpose of creating a green space area to be used as a public park. 
 
As presented in the RI report, historical features on or adjacent to the East Parcel posing a potential 
environmental concern included a machine shop, a grinding room, a saw filing room, an oil house, a 
transformer house, a battery charging room, a glue mixing and gluing room, presses, a debarker, and an 
underground petroleum pipeline in the railroad right-of-way.  Possible contaminants include phenol, 
formaldehyde, TPH, PAHs, metals, VOCs, and PCBs. 
 
2.3  Current Site Use 

The Facility is currently vacant, covered with invasive and native vegetation, and it provides habitat for 
opportunistic use by wildlife.  The site is not managed for any human use and is posted to prohibit trespassing.  
However, trespassers do come on the site (e.g., homeless persons and joggers).    
 
The Facility is currently zoned as an open space (OS) zone with “g” (River General) and “q” (River Water 
Quality) greenway overlay zones (City of Portland, 2018).  The open space zone is intended to preserve and 
enhance public and private open, natural, and improved park and recreational areas.  Greenway regulations 
are also intended to protect, conserve, enhance, and maintain the natural, scenic, historical, economic, and 
recreational qualities of lands along Portland’s rivers.  Specifically, the “g” overlay is intended to allow public 
use and enjoyment of the waterfront and for enhancement of the river’s scenic and natural qualities.  The “q” 
overlay is designed to protect the functional values of water quality resources by limiting or mitigating the 
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impact of development in the 50- to 200-foot setback from the top of bank.  Other nearby zoning includes 
commercial (EG2), residential (R2 and R5), open space (OS), and industrial (IH and IG2). 
 
The Facility is included in a citywide inventory that identified scenic resources (City of Portland, 2012).  The 
Facility is identified as a scenic viewpoint.  The zoning map shows a multi-use trail through the Facility (City 
of Portland, 2004).  However, this trail is only proposed as part of the regional trail plan adopted by Metro 
(Alta Planning and Design, 2010) – see further discussion in Section 2.4. The location of the trail is shown on 
Figure 2.  
 
2.4  Future Site Use 

The current understanding of proposed future development of the Facility is summarized below from the Trail 
Alignment Refinement Report (Alta Planning & Design, 2010), modified based on discussions with Metro.   

• The Facility “presents a significant open space opportunity along the riverfront.” 

• The zoning allows for “public use and enjoyment of the waterfront” that “enhance the river’s natural 
and scenic qualities” but also requires uses that “protect the functional values of water quality 
resources by limiting or mitigating the impact of development.” 

• The City’s draft North Reach River Plan indicates that the Facility is considered a potential mitigation 
site and allows “ecologically sensitive” trails to the river. 

• Metro and the City are developing a restoration plan that focuses on restoration of the Oregon white 
oak and madrone plant communities on the Facility. 

• The paved multi-use trail would be developed on existing open corridors through the Facility.  It would 
be 12 feet wide with 2-foot shoulders. 

• Viewing platforms and/or soft surface trails to the water’s edge could be strategically placed to control 
use of the site and to view scenery or wildlife. 

 
The Facility is identified as a potential restoration site in the Portland Harbor Ecological Restoration Portfolio 
(NRTC, 2012).  The Facility is noted as a rare opportunity to create backwater habitat due to lack of 
infrastructural constraints.  Shallow, slow moving waters in backwater habitats create important hunting 
habitat for birds.  The currently forested areas of the Facility could provide nesting areas.   
 
As the property owner, Metro recognizes that the presence of hazardous substances does limit the use of the 
property, and therefore, only uses that are consistent with site cleanup goals will be implemented.  Metro will 
agree to place restrictions on the property deeds that limit site uses to passive recreation activities (including 
but not limited to trails, benches, viewing areas, and in-water mitigation sites), and do not allow active uses 
such as designated child play areas, sports fields, or picnic areas.  In addition to the deed restrictions, access 
to the Site will be limited to designated areas designed for pedestrian or bicycle use.  These areas will be 
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planned after the remedial action for the Facility has been completed.  Sensitive areas of the Facility such as 
habitat areas or potential for erosion will be taken into consideration, and access will not be allowed in those 
areas.  Restrictions to access will be implemented with a combination of signs, paved trails, and physical 
barriers such as railings and fencing.   
 
It is anticipated that access to Facility beaches and riverbanks will not be allowed as part of site development.  
The potential for development of the Facility as a natural area to support aquatic, bird, and native vegetation 
species lends itself to the access restrictions listed above, and to limiting river access in support of the natural 
habitat.   
 
2.5  Soil Conditions 

The geology beneath the Facility consists of fill and alluvial deposits.  Early maps of the area indicate the 
current upland portion of the facility consisted of a strip of lowland adjacent to the current UPRR railroad 
tracks.  Based on historical maps and photographs, fill was placed on this lowland and outward into the 
Willamette River prior to and concurrent with development.  The thickness of the fill across the Facility likely 
varies from about 20 to 30 feet; however, in places, it could be up to 60 feet (such as in a former log pond on 
the West Parcel filled in the early 1970s). 
 
The fill and alluvial deposits consist of silts and sands.  These units are often distinguished from natural 
deposits based only on historical topographic maps and the presence of anthropogenic debris in the fill.  
Debris encountered in explorations at the Facility consisted mostly of bricks, metal, and wood, with lesser 
amounts of glass, asphalt concrete, and Portland cement concrete.  In the West Parcel, debris is only present 
along the southern half (riverside) of the parcel at depths of up to 35 feet below ground surface (bgs).  In the 
Central Parcel, debris was present between 12 and 27 feet bgs in the western half of the parcel (surficial 
debris was on the east half).  An area of concentrated debris (brick and metal) was encountered from 2 to 
5 feet bgs near the former building foundation located on the Central Parcel.  This concentrated area of debris 
was removed during the 2015 soil removal action (Apex, 2016).  In the East Parcel, debris was present along 
the southeast perimeter, at depths of up to 15 feet bgs (Hart Crowser, 2003). 
 
2.6  Groundwater Conditions 

Seven monitoring wells (MW-1 through MW-7) were installed at the Facility in 2002.  These monitoring wells 
were gauged and sampled on four occasions prior to 2016 (February and May 2002 and August and 
December 2005).  Monitoring wells MW-8 and MW-9 were installed in 2016.  The nine wells currently on the 
Facility were gauged and sampled on four occasions in 2016 (February, June, September, and December).  
Depth to groundwater for these eight events ranged from 21 to 37 feet bgs.  Groundwater elevations have 
ranged from 7 to 15 feet, except at MW-2 where groundwater elevations ranged from 17 to 21 feet. 
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Water level data from the U.S. Geological Survey Willamette River gauging station (located at the Morrison 
Bridge in downtown Portland approximately 6 miles upriver from the Facility and adjusted for the distance 
from the gauging station) were compared to the well elevation data collected during the 2016 monitoring 
events to determine Facility groundwater gradient.  In general, water levels at the Facility indicate that the 
overall groundwater gradient is toward the river. Short-term, local reversals in gradient may occur near the 
riverbank, but these reversals would occur only during maximum water level events that are of short duration.  
 
2.7  Surface Water Conditions 

There are no surface water features or storm drains which discharge surface water from the Facility.   
Precipitation on site either infiltrates or runs off via sheet flow.  Based on a 1998 reconnaissance by the City 
of Portland, six potential outfalls were identified at the Facility.  Potential outfall locations are shown on 
Figure 2.  These potential outfalls were evaluated (Port or Portland and Metro, 2006 and Ash Creek, 2012a) 
and the following concluded. 

• OF-49: OF-49 is a City of Portland storm sewer outfall located on the Central Parcel near the 
boundary with the West Parcel.  It drains property upland from the Facility.  No stormwater from the 
Facility enters this system. 

• WR-189: This potential outfall is a 24-inch diameter corrugated metal pipe located on the West 
Parcel, near OF-49.  It is no longer active, and its purpose is unknown. 

• WR-190: WR-190 is a 6-inch diameter concrete pipe that is no longer active, and its purpose is 
unknown.   

• WR-191 through WR-193: Steel pipes in the range of 2 to 5 inches in diameter were found in the 
reported locations of these potential outfalls (near the boundary between the Central and East 
Parcels).  It is unknown if these pipes were outfalls, but they are no longer active. 

 
The Willamette River is the only surface water body near the Facility.  Along this reach, the river flows to the 
northwest and is about 1,500 feet wide.  In Portland, the river flows at an average rate ranging from 11,100 
cubic feet per second (cfs) in summer to 34,000 cfs in winter (USACE, 2014).  The elevation of the 100-year 
and 500-year floodplain along this reach is 31.2 feet and 35.2 feet, respectively (FEMA, 2010).   
 
2.8  Upland Investigations 

Numerous investigations, assessments, and environmental actions have been performed at the Facility since 
1988.  The following sections summarize the scope and results of work performed that is relevant to the FS.  
The media, samples names and locations, and chemicals analysis conducted for each investigation is 
summarized in Table 1. Sample locations are shown on figures in Appendix C.  Soil and groundwater data 
are listed in tables in Appendices D and E. 
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The methods used to collect soil samples are categorized in the data tables as discrete, composite, or 
incremental sampling methodology (ISM).  The sampling methods are defined below.   

• Discrete.  Discrete samples consist of soil from one location.  In general, discrete samples were 
collected from a depth interval of two feet or less.  Exceptions are samples from the 1995 sampling 
event.  Test pit samples (TP-1 through TP-15) from that event are reported as discrete for a range 
of depth intervals up to four feet.  This designation of discrete was not changed to provide continuity 
in data tables.   

• Composite.  Composite samples consist of soil combined from multiple sample locations or depths.  
Any sample combined over a depth interval greater than two feet is considered a composite sample 
with the exceptions listed above.   

• ISM.  ISM combines a statistically representative number of individual increments from within a 
decision unit.  Sample locations are randomly distributed across a representative number of 
locations, homogenized, and analyzed, and reported as a single result.   

 
2.8.1  Remedial Investigation Soil Sampling  

The Port and Metro conducted the RI of the Facility between April 2001 and September 2002.  The RI activities 
included completing 26 test pits, 30 direct-push soil borings, and seven hand-augered soil borings; and 
collecting 35 surface soil samples.  Prior to the RI, several investigations were conducted related to property 
transfers.  The results of the RI and historical investigations were presented in the RI Report (Hart Crowser, 
2003).   The sample series, location, methods, and analytes for the remedial investigation soil sampling are 
summarized in the Table 1. 
 
2.8.2  Riverbank Soil Sampling 

DEQ provided comments on the RI Report in a letter dated December 20, 2003.  Several of these comments 
expressed concern regarding potentially erodible soil on the riverbank at the Facility.  In response to these 
comments and additional comments received from DEQ in meetings on June 22, 2005 and October 17, 2005, 
the Port and Metro conducted riverbank sampling.  The purpose of that work was to assess the presence and 
magnitude of PCBs, PAHs, and metals in potentially erodible riverbank soil for evaluating source control for 
the Facility.  Riverbank sampling includes locations below top of bank and above MHW.   
 
The results of the first phase of riverbank sampling were presented in the Riverbank Soil Sampling Report 
(BBL/Ash Creek/NF, 2006a).  Subsequently, the Port and Metro conducted sampling to assess the lateral 
extent of PCBs in the riverbank at the boundary between the East and Central Parcels and the results were 
presented in the Addendum to Riverbank Soil Sampling Results Report (Ash Creek/NF, 2008).  Results from 
the third round of riverbank sampling conducted in 2010 were presented in the 2010 Source Control Sampling 
Results (Ash Creek, 2011).  Based on detections of dioxins/furans in the former wharf road area, follow-up 
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sampling of soil in the vicinity of the former wharf road was completed in 2012.  The results are presented in 
the report Surface Soil Sampling Results — Former Wharf Road Area (Ash Creek, 2012b).   
 
The sample series, locations, methods, and analytes for the riverbank sampling events are summarized in 
the Table 1.   
 
2.8.3  Additional Upland Soil Sampling 

Surface soil sampling was conducted from 2014 through 2016 to support additional risk analysis and design 
and completion of removal actions.   
 
In response to comments on the residual risk assessments, the Port/Metro conducted surface soil sampling 
for dioxins/furans and mercury on the upland portion of the Facility.   Results and methodologies are presented 
in two reports:  Incremental Surface Soil Sampling Results (Apex, 2014a) and Surface Soil Sampling Results 
– DU-6 (Apex, 2014c).   
 
Surface soil sampling was conducted to support design of a removal action focused on hot spot soil.  Results 
are presented in the reports Surface Soil Sampling – Remedial Design (Apex, 2014b) and, Surface Soil 
Sampling – DU-6 (Apex, 2014c).  To further support design of the removal action, sampling was conducted 
to better delineate vertical distribution of chemicals of concern (COCs) exceeding hot spot levels.  Sample 
locations were targeted at selected prior sample locations.  Results and sampling methodologies are 
presented in the report Vertical Soil Characterization Results (Apex, 2015). 
 
Soil sampling was conducted to confirm the removal of soil hot spots during the October 2015 through January 
2016 removal action.  Confirmation samples were taken on the sidewalls and base of the five removal areas.  
Results are presented in the Removal Action Completion Report (Apex, 2016).   
 
To support source control evaluation on the West Parcel, soil samples were taken from five push probes 
completed in December 2016 through January 2017.  Results are presented in the December 2016 
Groundwater Data Report (Apex, 2017).   
 
The sample series, locations, methods, and analytes for the additional upland sampling events are 
summarized in the Table 1.   
 
2.8.4  Remedial Investigation Groundwater Sampling  

As part of the RI for the Facility, seven groundwater monitoring wells were installed (Figure 2) and the wells 
were sampled twice.  The well locations and analytes were selected based on the results of the prior grab 
groundwater sampling and the historical review. In the December 20, 2003 DEQ letter commenting on the RI 
Report, the DEQ requested additional groundwater monitoring be conducted. The Port and Metro conducted 
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two additional groundwater monitoring events (one during the rainy season and one during the dry season).  
Groundwater samples were collected from the seven on-site wells. Results of the groundwater monitoring, as 
well as historical groundwater results, were documented in the RI Report (Hart Crowser, 2003) and two 
subsequent groundwater monitoring reports (BBL/Ash Creek/NF, 2005, 2006b). The sample series, location, 
methods, and analytes for the remedial investigation groundwater sampling are summarized in Table 1. 
 
2.8.5  Additional Groundwater Sampling  

To support source control decision making, DEQ requested additional groundwater monitoring for the Facility.  
Monitoring wells MW-1 through MW-7 were reconditioned and two additional monitoring wells, MW-8 and 
MW-9, were installed in 2016.  Four rounds of groundwater monitoring were conducted in 2016.  The results 
of the groundwater monitoring showed detectable concentrations of PCBs.  These detections of PCBs, along 
with new information regarding possible origins of the fill material in the Former Log Pond prompted DEQ to 
request additional investigation of soil and groundwater on the West Parcel.  During the fourth round of 
groundwater monitoring, five borings were advanced, and groundwater was sampled on the West Parcel.  
Results are presented in the December 2016 Groundwater Data Report (Apex, 2017).   
 
2.9  Investigations Below Mean High Water 

Investigations of lower riverbank soil and beach soil (generally between MHW and mean low water [MLW]) 
have been conducted as part of the RI and other site specific investigations.  The following sections 
summarize the scope and results of work performed.   
 
2.9.1  Remedial Investigation Beach Observations   

As part of the RI, the beach areas were observed at low river levels to document the extent of debris.  The 
extent of debris is shown on Figure 4.   
 
Central Parcel Beach.  Metal, brick, and concrete debris are present on the sandy beach at the west end of 
the Central Parcel.  This debris is only occasionally present and is typically in discrete locations on the beach.  
Bricks sometimes have a gray to black, vitreous and/or metallic coating.  Metal debris consists of fused metal 
turnings, with some accumulations being up to 4 feet in diameter.  Smaller pieces have broken or worn off of 
these accumulations. 
 
East Parcel Beach.  The following describes debris observed on the beach at the time of the RI.  The 
impacted area identified as containing slag or debris on that beach was capped as part of the McCormick & 
Baxter remediation project.   
 
Debris coverage on the East Parcel beach was variable, but where debris was present coverage ranged from 
5 to 20 percent.  Debris included pieces of metal (e.g., wire, cables, bands, and strips), bricks, and slag.  The 
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metal debris and slag were usually less than 3 inches in diameter/length, although larger pieces of metal were 
present.  When present, slag constituted an estimated 10 to 70 percent of the debris on the beach.  Slag 
consisted of gray, vesicular material resembling basalt.  One side was smooth, showing a flow-like pattern, 
and sometimes glassy.  The other side was rough and incorporated soil or cinder.  Melted metal is present in 
the riverbank south of this area. 
 
2.9.2  Removal Action – Inner Cove (2004)   

On July 1, 2004, a petroleum sheen was observed at the Facility during implementation of the remedial action 
addressing impacts from McCormick & Baxter (E&E, 2004).  The sheen was observed on the water, in the 
innermost portion of the cove adjacent to the East Parcel, during the removal of pilings near the shoreline.  
Test pits were excavated in the area of the sheen on July 8, 2004 (TP-41 through TP-47; see sample location 
figures in Appendix C).  One of three test pit locations, directly inland from MLW, indicated the presence of 
NAPL in soil.  The soil with petroleum was bounded by a nearby test pit located farther inland and by a third 
test pit located to the southeast toward the McCormick & Baxter site (Ash Creek, 2005).  Data collected from 
these test pits are included in the tables in Appendix E. 
 
On October 28, 2004, the DEQ, the Port, and Metro performed a removal action with the following objectives: 
(1) investigate the nature and extent of petroleum product along the innermost beach of the cove; and (2) 
remove mobile petroleum product inland of MLW to the extent practicable through soil excavation.  The 
removal action delineated the extent and successfully removed the mobile petroleum product inland of MLW.  
Approximately 20 tons of soil were disposed of off-site.  The removal action concluded that the sheen and 
NAPL originate with overwater activity based on the complete delineation and removal of the NAPL (inland 
OLW) and the colocation of the NAPL with the location of historic overwater activities associated with former 
cooperage operations.  The test pits and removal action demonstrated that there was not a continuing source 
to the river from the upland area (Ash Creek, 2005).  
 
2.9.3  Surface Sediment Characterization in Former Wharf Road Area     

On September 17, 2007, potholing (i.e., shovel pits) was completed by Ash Creek Associates, Inc. on the 
beach in the Former Wharf Road area of the Central Parcel in the vicinity of DEQ observations (August 2007) 
noting gray silty surface sediment that had an apparent sheen when disturbed or dropped into water.  Based 
on the August 2007 observation and an August 28, 2007 site visit, surface sediment samples were collected 
from this area.  The purpose of the sampling was to better understand the origin of sheens (petroleum, other 
oily product [e.g., creosote], or naturally occurring organics) observed on water when this gray silty surface 
sediment was disturbed.  Further information on the sheen observations, including the August 28, 2007 site 
visit, are provided in the Characterization of Surface Sediment Report (Ash Creek/NF, 2010).  Samples DL-1 
through DL-3 were collected for forensic hydrocarbon analyses.  The chemical analysis and forensic 
evaluation concluded the hydrocarbon concentration in the samples is consistent with concentrations 
observed in urban waterways and that the varying degree of weathering and biomarker patterns suggests that 
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the petroleum was deposited in small quantities over an extended period of time.  DEQ concluded that it was 
likely that the material was sourced from historical over-water activities. 
 
As part of surface soil sampling conducted on the riverbank in 2010, a sample was collected from the beach 
below the former Wharf Road area (Wharf Beach-1).  The sample location is shown in Appendix C and the 
data are included in the tables in Appendix E. 
 
2.10  In-Water Investigations and Chemicals of Interest 

Sampling of sediments has been conducted in the cove adjacent to the Facility, and results of the sampling 
are evaluated in detail in the Portland Harbor RI report (LWG, 2011).  Appendix F presents sediment sample 
locations within 100 feet of -2 feet Columbia River Datum (CRD) and tables listing the sediment results.   
 
During the Lower Willamette Group’s (LWG’s) RI process, sediment areas of potential concern (AOPCs) were 
established for the Portland Harbor.  DEQ prepared the Portland Harbor Upland Source Control Summary 
Report (DEQ, 2016) that summarized the contaminants of interest (COI) in sediments for each Portland 
Harbor sediment AOPC.  In that report, DEQ referred to the AOPCs and associated contaminants as a 
conservative line of evidence for source control evaluation.  As the in-water feasibility study progressed, EPA 
refined AOPCs into sediment decision units (SDUs; EPA, 2016).  Sediments in the cove adjacent to the Facility 
are located within SDU RM6.5E.  SDUs were established based on a list of focused COCs used to simplify 
the remedial selection process.  Based on the list of COIs within AOPC 13, the focused COC list for SDU 
RM6,.5E, and the sampling summarized above, the COIs for sediments adjacent to the Facility are listed 
below.   

• Cadmium; 

• Copper; 

• Mercury; 

• Zinc; 

• PAHs; 

• Bis(2-ethylhexyl)phthalate (BEHP); 

• Carbazole; 

• PCBs; 

• Total dichlorodiphenyltrichloroethane, dichlorodiphenyldichloroethylene, and 
dichlorodiphenyldichloroethane (DDx); and 

• Dioxins/furans 
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2.11  Waste Designation Evaluation 

There is no specific knowledge of the source of the impacts to soil at the Facility, so there are no listed 
hazardous wastes present.  A waste designation evaluation was conducted for the soil targeted for excavation 
during the 2015-2016 removal action.  Six soil samples taken during the 2014 surface soil sampling activities 
were selected as representative and analyzed for metals using the toxicity characteristic leaching procedure 
(TCLP) followed by analysis for metals with characteristic hazardous waste regulatory levels (Resource 
Conservation and Recovery Act 8 metals [arsenic, barium, cadmium, chromium, lead, mercury, selenium, and 
silver]) to evaluate potential characteristic hazardous waste (Apex, 2014b).  The laboratory analytical results 
were less than the characteristic hazardous waste limits.  Therefore, the excavated soil was not a hazardous 
waste.  Facility characterization and TCLP results were used to prepare a profile for the soil waste.  The profile 
and analytical results were provided to the Wasco County Landfill in The Dalles, Oregon and the soil was 
accepted for disposal as a non-hazardous waste.  As these soil samples were taken from multiple locations 
at the Facility, and these areas were hot spot locations for multiple analytes, these results are considered 
predictive for soil throughout the Facility.  Additional testing will be conducted at the time of remedial actions 
that generate waste, but it is not anticipated that there will be any hazardous waste generated during remedial 
action at the Facility. 
 

3.0  Source Control Evaluation 

An SCE report (Ash Creek, 2013) was submitted to the DEQ in February 2013.  DEQ provided comments in 
a letter dated April 15, 2014.  Based on the DEQ comments and further discussion with DEQ, the source 
control evaluation was incorporated into the FS and submitted as part of the September 2017 Combined 
Feasibility Study and Source Control Evaluation.  As presented in the ROD for the PHSS, EPA has determined 
that the site riverbank at the Facility, extending from top of bank to waterline, will be addressed as part of in-
water activity.  Therefore, evaluation of remedial action of the riverbanks is excluded from the FS.  The source 
control information (including riverbank survey and reconnaissance results, debris/sheen observations, river 
stage evaluation, and comparison of Facility data to relevant PHSS screening levels in tables and figures) is 
compiled in Appendix D and summarized in this section.   
 
3.1  Identification of Complete Migration Pathways 

In accordance with the Joint Source Control Strategy (JSCS) guidance document (DEQ/EPA 2005), migration 
pathways discussed below include over-water activities, stormwater, preferential migration of groundwater 
along stormwater conveyances, riverbank erosion, and groundwater.  
 
Over-Water Activities.  There are no over-water activities at the Facility.  Therefore, this pathway is not 
considered complete. 
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Stormwater Pathway.  Current and former potential stormwater outfalls are described in Section 2.7.  There 
are no stormwater conveyances draining the Facility, and there are currently no improvements on the Facility.  
Therefore, this pathway is not considered complete. 
 
Stormwater Conveyances as Preferential Groundwater Migration Pathway.  The potential stormwater 
outfalls described in Section 2.7 were evaluated (Port and Metro, 2006 and Ash Creek, 2012a) to assess the 
approximate elevation of the pipelines with the following conclusions. 

• OF-49: City of Portland online databases (www.portlandmaps.com) were reviewed and the elevation 
of the pipe where it crosses the Facility is 29.3 feet. 

• WR-189: Based on the site reconnaissance, this pipe is located approximately 3 feet higher than OF-
49. 

• WR-190: This concrete pipe is located above the typical high water level (i.e., above elevation 20 
feet).   

• WR-191 through WR-193: These observed pipes were near the typical high water level (i.e., 
approximately elevation 20 feet). 

 
In summary, the elevations of actual or potential stormwater pipes at the facility range from 20 to 32 feet.  The 
potential outfalls are located between MW-3 and MW-9.  As discussed in Section 2.6, the groundwater 
elevation at the Facility ranged from 7 to 14 feet as measured in these monitoring wells.  This water level 
range is below the depth of potential historical stormwater pipes.  Therefore, this pathway is considered 
incomplete . 
 
Riverbank Soil Pathway.  The riverbank may be subjected to erosive forces from river currents, wind waves, 
and boat wakes.  If erodible soil and chemical constituents are co-located in soil on the riverbank, these have 
the potential to migrate to the river or cove.  The riverbank erosion pathway is considered complete. 
 
Groundwater Pathway.  As discussed in Section 2.6, the overall groundwater gradient is toward the 
Willamette River.  Constituents present in groundwater, if any, therefore have the potential to migrate to the 
river.  This pathway is considered complete.  
 
3.2 Riverbank Soil Source Control Evaluation 

3.2.1 Riverbank Soil Erosion Evaluation  

This section summarizes the analysis of the potential for erosion of the Facility riverbank.  The analysis 
included assessing the overall stability of the existing riverbank, conducting visual reconnaissance of the 
riverbank, assessing potential for erosion of the bank from river action, and assessing potential for erosion 
from surface soil overland flow. A detailed description of the analysis is presented in Appendix D.  

http://www.portlandmaps.com/


  

 

Revised Feasibility Study and Source Control Evaluation  Page 19 
Willamette Cove Upland Facility  
March 7, 2019 
1056-10 

 
Slope Stability Assessment. The overall stability of the riverbank at the Facility was qualitatively assessed 
during the RI (Hart Crowser, 2003).  A detailed description of the assessment is presented in Appendix D. 
The following summarizes conclusions from that assessment. 

• The riverbank was created with sand/silt fill protected with riprap, boulders, and broken concrete.   

• The constructed riverbank has slopes ranging from one horizontal to one vertical (1H:1V) to 1.5H:1V.   

• Beach slopes subject to saturation and moving water tend to stabilize at about 4H:1V or flatter. 

• Slope creep as evidenced by curved tree trunks was observed at one area (approximately 25 feet 
wide) on the East Parcel.   

 
Riverbank Reconnaissance. Visual reconnaissance of the riverbank from the land was conducted in 
September 2012 and July 2017. Visual reconnaissance from a boat was conducted in November 2005 and 
August 2017.  Figures showing the results of the visual reconnaissance and photographs documenting the 
observations are included in Appendix D. 
 
Assessment of Potential Erosion from River Action.  The two components contributing to erosion from 
river action are bed shear and wave action. Bed shear estimates at the Facility adapted from modeling 
conducted as part of the Portland Harbor RI/FS Comprehensive Round 2 Report (LWG, 2007) are presented 
on Figure D-4.  The results suggest that erosion of the bank from natural river flow is possible at the west end 
of the Facility under high-flow conditions.  Facility riverbank surface covers are typically sufficient to withstand 
erosion from wave action.  Portions of the riverbank, however, have visible erosion scarps or bare soil.  When 
the river level is near the elevation of the erosion scarps or bare soil (Figures D-1 to D-3) wave action could 
cause erosion.  
 
Assessment of Potential for Erosion from Overland Flow.  Based on a reconnaissance of the Facility 
during rainy weather and multiple bank reconnaissance results, the potential for erosion from overland flow is 
low. 
 
Figure D-5 summarizes the multiple lines of evidence evaluated for erosion potential of the Facility riverbank, 
demonstrating that much of the riverbank is stable and not subject to erosion.  The West Parcel has low 
potential for erosion or bank movement. The western 300 feet of the Central Parcel riverbank has 
oversteepened slopes and exposed bare soil and scarps with potential to erode by river action or boat wakes. 
The eastern 1,000 feet of the Central Parcel riverbank is relatively less steep and has low potential for bank 
movement. The East Parcel riverbank has scattered areas subject to erosion from boat wakes when river 
levels correspond to bare areas or scarps. 
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3.2.2  Riverbank Soil Characterization  

For this source control evaluation, all soil with the potential to erode was characterized.  To define this area, 
a reconnaissance was performed to document TOB and areas above TOB with the potential to erode to the 
river.  These areas were incorporated into an Upper Source Control Screening Boundary (SCSB; Figure 2).  
Soil from the Upper SCSB to -2 CRD (Lower SCSB) are considered riverbank soil.  Figure 3 presents cross 
sections of the riverbank in the Central and East Parcels showing the Upper and Lower SCSBs, and other 
relevant datums.  The PHSS ROD defines the riverbank of the Facility as TOB to the waterline; therefore, this 
evaluation fully characterizes the riverbank for coordination with PHSS in-water work.  The evaluation consists 
of compiling relevant data and screening levels, screening data, identifying chemicals of potential concern 
(COPCs), COCs, and evaluating the potential for adverse effects on sediment.  
 
3.2.2.1  Identify Riverbank Soil COPCs 

To identify COPCs for riverbank soil, data were compared to relevant screening levels from the PHSS ROD. 
These screening levels consist of:  

• River Bank Soil/Sediment Cleanup Levels (CLs) from Table 17 of the PHSS ROD; 

• Remedial Action Levels (RALs) from Table 21 of the PHSS ROD; and 

• Principal Threat Waste (PTW) thresholds from Table 21 of the PHSS ROD. 
 

In addition, JSCS Screening Level Values (SLVs; DEQ/EPA 2005) were considered for analytes with no 
applicable CL.  Analytes that exceed relevant screening levels were retained as COPCs.  The data screening 
is presented in Table D-2, and a summary of screening level exceedances is presented in Table D-3.  In 
addition to COPCs identified through riverbank soil data screening, COIs for sediments adjacent to the Facility 
identified in Section 2.10 were assessed for inclusion as COPCs, as described in Appendix D. The riverbank 
soil COPCs identified through this process include the following: 

• Metals – Antimony, arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver, and zinc; 

• PAHs – Multiple individual PAHs, carcinogenic PAHs (cPAHs) and total PAHs; 

• TPH-diesel; 

• PCBs – Aroclor 1260 and total PCBs; and 

• Dioxins/furans – Multiple congeners. 
 
3.2.2.2  Evaluate Potential for Adverse Effects on Sediment 

To refine the list of riverbank soil COPCs, multiple lines of evidence were considered independently and 
collectively to identify the potential for adverse effects on sediments from riverbank soil. A detailed description 
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of this evaluation and a table summarizing COCs is included in Appendix D.  Based on this evaluation, the 
COCs for riverbank soil at the Facility are as follows:  

• Metals - Arsenic, cadmium, copper, lead, mercury, zinc; 

• TPH-diesel; 

• PAHs - Multiple individual PAHs, cPAHs and total PAHs; 

• Total PCBs; and 

• Dioxins/furans – Multiple congeners. 
 
3.2.3 Summary of Riverbank Areas Targeted for Source Control 

Figure D-6 summarizes potential for adverse effects on sediments from riverbank soil.  The figure shows 
potential for riverbank erosion together with the location of COCs substantially above CLs.  In general, 
throughout the Facility, one or more COCs are present in riverbank soils at concentrations that have the 
potential to adversely affect sediments if the soil were to erode into the river.  On Figure D-6, erosion potential 
is divided into three levels of concern summarized below with the corresponding recommendation for 
evaluation of source control measures. 

• Protected. In these areas, the riverbank is armored and well protected.  There are no indications of 
slope failure.  There may be occasional small patches of bare soil between rip rap boulders.   

• Occasional Observed Erosion. The riverbank in these areas is generally armored, vegetated, and/or 
sloped to be relatively stable, but there are occasional areas of erosion or bare soil.   

• Observed Erosion. In these areas, the riverbank shows clear signs of erosion such as exposed roots, 
over-steepened slopes, and bare soil.   

 
3.3 Groundwater Source Control Evaluation 

This section evaluates groundwater for potential to have adverse effects on surface water or sediments.  The 
evaluation consists of compiling relevant data and screening levels, screening data, identifying COPCs and 
COCs, and evaluating the potential for adverse effects on sediment.  
 
3.3.1 Groundwater Observations, Sampling, and Data  

NAPL or Sheen Observations.  Observations of oil sheen or NAPL during site investigations are summarized 
as follows.  More detailed descriptions are included in Appendix D.  Locations of the observations are 
presented on Figure 4. 

• A petroleum NAPL seep was present in the cove adjacent to the southern portion of the East Parcel. 
This area was capped as part of the McCormick & Baxter Superfund cleanup and the seep is no 
longer present. 
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• Oil sheens were observed on grab groundwater samples collected from borings SE/E-12, SE/E-13, 
and SE/E-19 on the West Parcel, from borings SE/E-9 and SE/E-10 on the Central Parcel, and on 
the river near the East Parcel NAPL seep during a December 1988 investigation 

• Test pits were completed near the East Parcel NAPL seep in 2004. Petroleum NAPL was observed 
in one test pit.  The soil where the NAPL was observed was removed and disposed of off-site (Ash 
Creek, 2005). 

• DEQ observed an apparent sheen on gray silty surface material when disturbed on the beach in the 
Former Wharf Road area in 2007. 

• Slight sheen was observed in monitoring wells MW-1, MW-3, and MW-4 in 2002.  

 
Groundwater Sampling.  Borings and test pits were completed to assess groundwater during multiple site 
investigations. Samples were collected from soil borings and test pits across the Facility during several phases 
of sampling prior to 2003 (leading up to the RI).  Groundwater samples were collected from test pits to assess 
conditions at the Wharf road area in the Central Parcel and inner cove on the East Parcel in 2010.  Samples 
were collected from borings on the West Parcel to assess the former log pond area in 2016 and 2017.  

 
Monitoring wells have been installed and sampled along the TOB across the Facility.  One monitoring well 
installed as part of the McCormick & Baxter site investigation on the East Parcel (MW-35s) was sampled for 
investigation of the Facility in 1999.  Seven groundwater monitoring wells were installed in 2002 as part of the 
RI (MW-1 through MW-7).  These wells were sampled in 2002, 2005, and 2016.  Two monitoring wells (MW-
8 and MW-9) were installed and sampled in 2016 to expand the source control evaluation.   

 
The groundwater data are presented in Table D-8, soil data are presented in Table D-2, and sample locations 
are shown on Figure C-4. 

 
3.3.2 Groundwater Characterization  

3.3.2.1 Identify Groundwater COPCs  

The following screening levels were used to assess groundwater with the potential to migrate to surface water 
or sediments. 

• Groundwater Cleanup Levels (CLs) from Table 17 of the PHSS ROD; and  

• JSCS SLVs for Water. 
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Table D-8 presents groundwater data compared to the screening levels listed above.  Analytes that exceeded 
a relevant screening level were retained as COPCs.  Table D-3 summarizes the retained analytes and which 
screening levels were exceeded.  The COPCs thus identified include the following: 

• Metals – Aluminum, antimony, arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, 
silver, vanadium, and zinc; 

• PAHs – each individual PAH plus cPAHs; 

• TPH-diesel; 

• PCBs – Aroclor 1254 and total PCBs; 

• Dioxin/Furans – 2,3,7,8-TCDD and 2,3,7,8-TCDD toxicity equivalent (dioxin/furan TEQ); 

• Pesticides – 4,4’-DDD; 

• SVOCs – BEHP, butylbenzyl phthalate, dibenzofuran, diethyl phthalate, di-n-butyl phthalate, and 
pentachlorophenol; and 

• VOCs – benzene, chlorobenzene, chloromethane, perchloroethylene (PCE), and trichloroethylene 
(TCE). 

 
3.3.2.2 Evaluate Potential for Adverse Effects on Surface Water or Sediments  

To refine the list of groundwater COPCs, multiple lines of evidence were considered independently and 
collectively to identify the potential for adverse effects on sediments from riverbank soil.  A detailed description 
of this evaluation and a table summarizing COCs is included in Appendix D.  Based on the evaluation, 
groundwater on the Central and East Parcels does not have potential to adversely impact sediments or 
surface water adjacent to the Facility.  Groundwater on the West Parcel does have the potential to adversely 
impact sediments and surface water. The following analytes are considered COCs for groundwater on the 
West Parcel at the Facility. Figure D-34 presents the locations of groundwater samples with CL exceedances 
on the West Parcel for groundwater COCs.  

• Arsenic; 

• Pentachlorophenol;  

• PAHs; 

• 4,4’-DDD; and 

• Total PCBs. 
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3.3.3 Groundwater Source Control Evaluation Conclusions  

Based on the above analysis, groundwater on the West Parcel (corresponding to the location of the former 
log pond fill) has the potential for adverse effects on surface water and sediment.  The COCs in groundwater 
are arsenic, pentachlorophenol, PAHs, 4,4’-DDD, and PCBs.   
 

4.0  Summary of Baseline Risk 

Baseline ecological risk at the Facility was evaluated in the Level II Screening Residual Ecological Risk 
Assessment (RERA; Formation, 2014a). Baseline human health risk was evaluated in the Residual Human 
Health Risk Assessment (RHHRA; Formation, 2013).  For the purpose of evaluating baseline risk, the Facility 
was divided into six exposure units as shown on Figure 5.  Two of these units, Central Beach Unit and Inner 
Cove Beach Unit, are not on the upland portion of the Facility but rather are located below MHW.  Baseline 
risks, if any, for these two units will be addressed by PHSS in-water cleanup actions and are not the subject 
of this FS.  The former Wharf Road unit was originally separated from the remainder of the Central Parcel 
because it was believed that the dioxins/furan detections were unique to that area.  Subsequent sampling 
showed that dioxins/furans were detected elsewhere on the Central Parcel, so potential baseline risks for the 
former Wharf Road unit are discussed with the Central Parcel.  Soil samples were collected in 2014 to 
delineate areas of high concentration soil following completion of the RERA and RHHRA. Those data were 
reviewed to assess any impact on the baseline risk assessments and the results were submitted in a technical 
memorandum (Formation, 2014b). During design and implementation of the 2015 soil removal action, 
additional soil samples were collected. DEQ requested these data be incorporated into the evaluation of COCs 
for the Facility. A technical memorandum summarizing that evaluation was submitted in December 2018 (Port, 
2018). The memorandum is included as Appendix G.  
 
For the Facility receptors, there is no beneficial use of groundwater so there are no complete exposure 
pathways to groundwater.  Risks associated with sources to the Willamette River are discussed in Section 3. 
This section addresses direct contact risk from upland soil only. Upland soils are defined as those from MHW 
landward to the property boundary. To evaluate risk in the upland facility, all available data from MHW to the 
property boundary were evaluated and presented in this section. Upland data are screened against PRGs 
and presented in tables and figures in Appendix E. Tables 2 through 7 and Figures 6 and 7 summarize the 
baseline risk for the Facility.  
 
As discussed previously, EPA has determined that the site riverbank at the Facility, extending from top of 
bank to waterline, will be addressed as part of in-water activity. In the sections below, the results are separated 
by soils that will be addressed as part of the upland remedy (i.e., above TOB) and soils that will be addressed 
as part of the PHSS in-water work (i.e. below TOB).  
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4.1 Ecological Risk Assessment 

Ecological preliminary remediation goals (PRGs) and high concentration hot spot levels for Facility COCs 
determined in the risk assessment and subsequent re-evaluation of soil data are listed in Table 2. Upland 
data are screened against PRGs in Appendix E.  A summary of the data screening is presented in Table 3 
and Figure 6. Based on these ecological risk evaluations, ecological receptors at the Facility could experience 
toxic exposures to COCs.  A summary of the potential baseline risks for each exposure unit is provided below.   

 
4.1.1 West Parcel 

Based on the upland soil screening for ecological receptors as summarized in Table 3, the following is 
concluded for West Parcel ecological risk.  

• Metals (copper, lead, mercury, and zinc), total high molecular weight PAHs (total HPAHs), total 
PCBs, and dioxin/furan TEQ were detected at least once above ecological PRGs in the West Parcel.  

• Except for mercury and dioxin/furan TEQ, exceedance ratios greater than one ranged from 1.1 to 
1.5. 

• HPAHs and PCBs were each detected above the PRGs in one discrete sample, and the exceedance 
ratio for each was 1.1.  The PRGs are based on a mammal and bird receptors with a home ranges 
larger than represented by a single discrete sample.  Therefore, the baseline risk associated with 
HPAHs and PCBs on the West Parcel is likely acceptable. 

• Mercury and dioxin/furan TEQ were detected at concentrations above hot spot levels. 

• For mercury, the maximum exceedance ratio was 4.9 (relative to background concentration because 
the PRG for mercury is less than the background concentration) and was from the ISM sample DU-
7.  This ISM sample was taken prior to the 2015 removal action. During the removal action, an area 
of soil with concentrations of mercury above hot spot concentrations was removed from the West 
Parcel, so sample DU-7 may no longer be representative of the mercury concentration on the West 
Parcel.   

• No samples were collected on the riverbank in the West Parcel.  

 
Therefore, the primary ecological risk driver on the West Parcel is dioxin/furan TEQ (birds and mammals).  
Additional risk is contributed by mercury (all except mammals), copper (all receptors), lead (birds), and zinc 
(invertebrates).  Table 7 summarizes the ecological risk drivers for upland soil. 
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4.1.2 Central Parcel  

Based on the upland soil screening for ecological receptors as summarized in Table 3, the following is 
concluded for Central Parcel ecological risk. 
 

• Except for chromium, each COC was detected above ecological PRGs in the Central Parcel.  COCs 
with exceedance ratios greater than 50 included dioxin/furan TEQ (934), mercury (116), copper (78), 
dibenzofuran (58), HPAHs (58), and lead (51). 

• Arsenic, nickel, selenium, low molecular weight PAHs (LPAHs), and PCBs were detected above 
PRGs at frequencies of 4 to 11 percent and had exceedance ratios ranging from 1.6 to 3.1. 

• Antimony, copper, lead, mercury, zinc, total HPAHs, dibenzofuran, and dioxin/furan TEQ were 
detected at concentrations above hot spot levels. 

• Antimony and zinc were detected above hot spot levels in only one sample each.  Those samples 
were collected from the riverbank, so no antimony or zinc hot spots are present in the upland area 
addressed by the FS.  

• Samples with PRG exceedances for PCBs are located on the riverbank and do not contribute to 
upland risk.  

• One of two LPAH samples exceeding PRGs is located on the riverbank. The one sample on the 
upland with LPAHs above the PRG had an ER of 1.6. The risk from LPAHs is expected to be 
acceptable in the upland area.  

 
Therefore, the primary risk drivers on the Central Parcel are dioxin/furan TEQ (mammals and birds) and 
mercury (all receptors) with significant contributions from copper (all receptors), dibenzofuran (mammals), 
HPAHs (mammals and invertebrates), and lead (all receptors).  Other secondary COCs are antimony 
(mammals and plants) and zinc (plants).  Table 7 summarizes the ecological risk drivers for upland soil.  
 
4.1.3  East Parcel 

Based on the upland soil screening for ecological receptors as summarized in Table 3, the following is 
concluded for East Parcel ecological risk. 
 

• Except for HPAHs, LPAHs, and dibenzofuran, each COC was detected above ecological PRGs in 
the East Parcel.  COCs with exceedance ratios above 30 included copper (679), antimony (71), and 
lead (39). 

• Arsenic, chromium, and selenium were detected above PRGs with a frequency of 3 to 13 percent 
and had exceedance ratios of 2 or less. 



  

 

Revised Feasibility Study and Source Control Evaluation  Page 27 
Willamette Cove Upland Facility  
March 7, 2019 
1056-10 

• Antimony, chromium, copper, lead, mercury, nickel, zinc, PCBs, and dioxin/furan TEQ were detected 
at concentrations above hot spot levels.  

• Antimony, chromium, copper, lead, mercury, nickel, and PCBs were detected above PRGs only in 
samples collected from the riverbank, so these COCs do not pose unacceptable risk in the upland 
areas addressed by this FS. 

 
Therefore, the primary risk driver on the East Parcel is dioxin/furan TEQ (mammals and birds).  Zinc 
(invertebrates) is a secondary risk driver.  Table 7 summarizes the ecological risk drivers for upland soil. 
 
4.2 Human Health Risk Assessment 

Human health PRGs and high concentration hot spot levels for Facility COCs determined in the risk 
assessment and subsequent re-evaluation of soil data are listed in Table 4. Upland data are screened against 
PRGs in Appendix E.  A summary of the data screening is presented in Table 5 and 6 and Figure 7. Based 
on this human health risk evaluation, unacceptable risk is present at the Facility. The following receptors were 
evaluated for baseline risk. 

• Transient Trespasser - current (TT):  This scenario represents current exposures to trespassers that 
may camp (illegally) at the site for relatively short periods of time during a two-year period.  The 
scenario applies only to adults, and screening levels apply from 0-3 feet bgs.   

• Recreational Trespasser - current/Park User - future (RT/PU):  This scenario represents current 
recreational use such as accessing the site for jogging, hiking, observing nature, or other similar 
passive recreational activities.  Although access for these activities is currently not legal, such use is 
regularly observed.  Under baseline conditions, it was assumed that future use of the site could 
include active recreational use such as playgrounds.  Active recreational use is not currently planned 
to be allowed.  The baseline scenario conservatively assumes an individual may use the site, 
including active recreational uses, over 26 years.  Therefore, the exposure and risk calculations 
assume child and adult exposures, and screening levels apply from 0-3 feet bgs.   

• On-Site Construction Worker – future (CW):  This scenario represents individuals that may have 
contact with soils while building structures or conducting earthwork associated with the potential 
recreational development.  The scenario assumes relatively high contact with soils, but for time 
periods that are associated with short-term construction projects.  The scenario applies only to adults, 
and screening levels apply from 0-10 feet bgs.   

 
For assessment of baseline risk in surface soils (0-3 feet bgs), data were screened against human health 
PRGs which account for risk to the three receptors listed above. As exposure to subsurface soils (3-10 feet 
bgs) is only applicable to the CW scenario, subsurface soil data were screened against the CW risk-based 
concentrations (RBCs). A summary of the potential baseline risks for each exposure unit is provided below.   
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4.2.1  West Parcel 

Based on the upland soil screening for human health receptors as summarized in Tables 5 and 6, the following 
is concluded for West Parcel human health risk. 

• Surface Soil 

o Arsenic, dioxin/furan TEQ, and benzo(a)pyrene toxicity equivalent (BaP Eq) were detected 
above human health PRGs in surface soil.  Screening levels were exceeded only for the RT/PU 
receptor. 

o COCs were not detected above hot spot concentrations. 

o Arsenic was detected above the PRG in 2 of 10 samples with a maximum ER of 1.01.  The risk 
associated with arsenic is likely acceptable. 

o BaP Eq was detected above the PRG in 2 of 8 samples with a maximum ER of 2.3.  The risk 
associated with BaP Eq may be acceptable, but there is uncertainty in this conclusion given the 
limited data.  For purposes of the FS, BaP Eq is assumed to contribute to unacceptable risk on 
the West Parcel. 

o No samples were collected on the riverbank in the West Parcel.  

• Subsurface Soil 

o Three sub-surface soil samples were analyzed for PCBs.  PCBs were not detected above PRGs. 
 
Therefore, the primary human health risk driver on the West Parcel is dioxin/furan TEQ in surface soil.  
Secondary risk in surface soil may be contributed by BaP Eq.  Unacceptable risk is present only for the RT/PU 
receptor.  Table 7 summarizes the human health risk drivers for upland soil. 
 
4.2.2 Central Parcel  

Based on the upland soil screening for human health receptors as summarized in Tables 5 and 6, the following 
is concluded for Central Parcel human health risk. 
 

• Surface Soil 

o Antimony, arsenic, lead, dioxin/furan TEQ, and BaP Eq were detected above human health 
PRGs in surface soil.  Dioxin/furan TEQ exceeds screening levels for all three human health 
receptors.  The remaining COCs exceed only for the RT/PU receptor.  

o Dioxin/furan TEQ, lead, and BaP Eq were detected above hot spot concentrations.   

o Antimony was detected above the PRG in 1 of 116 samples with an ER of 1.2.  Additionally, the 
sample was collected from the riverbank.  The upland risk associated with antimony is 
acceptable. 
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o Samples containing dioxin/furan TEQ and lead above hot spot concentrations were collected 
from the riverbank, so only BaP Eq was detected in upland soils above hot spot concentrations. 

• Subsurface Soil  

o Two sub-surface soil samples were analyzed for antimony, copper, and dioxin/furan TEQ.  
These COCs were not detected above PRGs. 

 
Therefore, the primary human health risk drivers on the Central Parcel are dioxin/furan TEQ in surface soil 
(exceeds for RT/PU, TT, and CW receptors) and BaP Eq.  Secondary risk is associated with lead and arsenic 
(for the RT/PU receptor).  Table 7 summarizes the human health risk drivers for upland soil. 
 
4.2.3 East Parcel 

Based on the upland soil screening for human health receptors as summarized in Tables 5 and 6, the following 
is concluded for East Parcel human health risk. 

• Surface Soil 

o Each human health COC was detected above PRGs in surface soil on the East Parcel.  Each 
of these COCs exceeds screening levels for the RT/PU receptor.  Antimony and copper also 
exceed for the CW receptor. 

o COCs were not detected above hot spot concentrations. 

o PCBs exceeded the PRG in three samples located on the riverbank.  The maximum ER was 
2.5.  PCBs were not detected above PRGs in the upland, but sampling was limited.  The 
presence of PCBs on the riverbank could be an indicator of PCBs in the upland, but the ER is 
relatively low.  PCBs are unlikely to pose a human health risk on the East Parcel uplands. 

o BaP Eq exceeded the PRG in only 2 of 20 samples.  The samples exceeding the PRG were 
located on the riverbank and do not represent upland risk. 

o Metals exceeded PRGs in two areas of the East Parcel. Sample RA6-S17 exceeds the PRG for 
antimony and lead. This sample was located on the sidewall of the Area 6 excavation from the 
2015 soil removal action. The excavation was limited at that location by the concrete building 
slab located on the East Parcel. Soil was removed up to the concrete slab, and this sample 
represents soil from under the concrete at the edge of the excavation. The other metals 
exceedances are discrete or composite samples associated with sample WS-SSL-1-2.  That 
sample location is on the riverbank and is not representative of the uplands.  Metals are not 
expected to pose unacceptable human health risk on the East Parcel. 

• Sub-surface soil samples were not analyzed from the East Parcel.   
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Therefore, the human health risk driver on the East Parcel is dioxin/furan TEQ in surface soil for the RT/PU 
receptor.  Table 7 summarizes the human health risk drivers for upland soil. 
 

5.0 Site Model 

Based on the information summarized in Sections 2 through 4, this section presents the overall site model 
that is the basis for the evaluations completed in the FS.  
 
5.1 Nature and Extent of Contamination 

This section summarizes the nature and extent of contamination on the Facility as it relates to potential risk 
and the potential receptors.  Figures 6 and 7 summarize the locations of potential cleanup areas and hot spot 
areas based on upland soil exposure pathways.  The various areas shown on the figures were determined by 
defining each locus of sampling points where soil data exceeded a PRG corresponding to an unacceptable 
baseline risk pathway or a hot spot level. 
 
5.1.1 Vertical Extent 

The RI concluded that impacts to soil are generally within the upper 3 feet.  This conclusion was refined by 
vertical profile sampling conducted to support the 2015 soil removal action.  Soil from the surface to 1.5 feet 
was collected at multiple locations to support hot spot removal.  This vertical soil sampling showed that 
concentrations of metals, PAHs, and dioxins/furans decreased below the top six inches to one foot of soil.     
 
Five areas of high concentration hot spots were excavated in 2015. Excavation continued until soil 
concentrations were below hot spot levels as verified by confirmation sampling. With one exception, soil 
concentrations below hot spot levels were achieved with 0.5 to 1 foot depth of excavation in all five areas. 
The exception was the debris area within the Central Parcel, which was removed to a depth of 5 feet bgs. 
Although concentrations within the debris area were above hot spot levels to depths greater than 1 foot, the 
total area of the debris was small compared to the total area of hot spot soil removed.  
  
Confirmation sampling during the 2015 removal action showed that soil concentrations on the West Parcel 
were below PRGs hot spot levels after excavating to 1 foot bgs in the excavation area. In the Central Parcel, 
soil concentrations were below hot spot levels, but not below PRGs after excavating from 0.5 to 1 foot bgs. 
There was limited removal action performed on the East Parcel. Based on overall concentration of COCs in 
the East Parcel compared to the West and Central Parcels, it is expected soil with concentrations above PRGs 
on the East Parcel is limited to 1 foot bgs.  
 
There is limited information to distinguish between the depth of soil with concentrations above ecological 
screening levels from that above human health screening levels. With the exception of arsenic, human health 
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PRGs and hot spot levels exceed those for ecological receptors. As the screening levels are generally higher 
for human health, it is likely that soil exceeding ecological screening levels is deeper than that exceeding 
human health. Based on the limited information to distinguish between the depth of soil exceeding PRGs on 
an individual receptor basis, and to be conservative, it is assumed that soil exceeding human health PRGs 
extends to 0.5 less than the full estimated depth as described in the paragraphs above for shallow areas and 
1 foot less in deep areas.  
 
For the purpose of estimating costs and comparing alternatives in the FS, the vertical extent of contamination 
was estimated for each parcel using the sampling information described above. This information is 
summarized below and in Table 8.  
 

• For hot spots, it was assumed that hot spot soil is limited to soil from the surface to 1 foot bgs 
throughout the Facility.  

• For the West Parcel, the data show that removing soil from surface to 1 foot bgs was sufficient to 
achieve concentrations below PRGs.  However, as there is limited data to support the depth of soil 
concentrations above PRGs, a depth of 2 feet bgs was assumed for soil with concentrations above 
PRGs on the West Parcel.  The uncertainty in depth was considered when evaluating the remedial 
alternatives. The 1 foot removed during the 2015 soil removal action will be considered in the 
excavation area. It is assumed that 1 additional foot will be removed from this area. No additional 
excavation will be conducted in the low impact excavation areas around native trees.   

• For the Central Parcel, the depth of impacts above PRGs differed between the east and west ends 
of the Parcel.  Data from the east end of the Central Parcel show that removing soil from surface to 
1 foot bgs was sufficient to achieve concentrations below PRGs. The west end of the Central Parcel 
corresponds to the location of ISM sample DU-6, the debris area, and the higher concentrations of 
dioxin/furans in soil. Excavating soils to a depth of 1 foot bgs did not remove concentrations above 
PRGs in that area. A depth of 3 feet bgs was assumed for the depth of soil with concentrations above 
PRGs in that area.  

• Concentrations on the East Parcel are similar to those on the east end of the Central Parcel. 
Therefore, a depth of 1 foot bgs is assumed for soil with concentrations above PRGs on the East 
Parcel. Because there is limited data on depth of impacts on the East Parcel, the uncertainty in depth 
was considered when evaluating the remedial alternatives.  

 
5.1.2  Lateral Extent 

5.1.2.1  West Parcel 

Unacceptable ecological risk is present resulting primarily from dioxins/furan TEQ with additional contribution 
from metals (Table 7 and Figure 6). Unacceptable human health risk is present on the West Parcel primarily 
from dioxin/furan TEQ, with lesser contribution from BaP Eq (Table 7 and Figure 7). The sample exceeding 
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the dioxin/furan TEQ screening levels for ecological and  human health receptors is DU-7, an ISM sample 
representing the entire parcel. Though removal of the high concentration hot spot may have reduced 
concentrations of metals, there is no data to support reduction of dioxin/furan TEQ concentrations. Therefore, 
the lateral extent of the entire West Parcel is considered to have soils above PRG and ecological hot spot 
concentrations.   
 
5.1.2.2  Central Parcel  

Unacceptable ecological risk on the Central Parcel is present resulting primarily from dioxin/furan TEQ and 
mercury with additional contribution from dibenzofuran, metals, and HPAHs (Table 7 and Figure 6). Ecological 
hot spots resulting from dioxin/furan TEQ are present throughout the parcel.  Scattered ecological hot spots 
for dibenzofuran, HPAHs, and metals are present.  Unacceptable human health risk is present primarily from 
dioxin/furan TEQ and BaP Eq with additional contribution from arsenic and lead (Table 7 and Figure 7). The 
west end of the Central Parcel has human health PRG exceedances throughout and a small area of BaP Eq 
hot spot. The east end of the Central Parcel exceeds PRGs for dioxin/furan TEQ throughout with metal PRG 
exceedances interspersed.  
5.1.2.3  East Parcel 

Unacceptable risk on the East Parcel is present resulting primarily from dioxin/furan TEQ for both ecological 
and human health receptors with additional contribution from zinc for ecological receptors (Table 7 and 
Figures 6 and 7). Based on the exceedance of both human health and ecological PRGs for dioxin/furan in the 
ISM sample, the entire parcel will be considered to have soil concentrations above PRGs. The ISM exceeds 
the ecological hot spot level for dioxin/furan TEQ, so the entire parcel is also considered an ecological hot 
spot. 
 
5.2  Existing Conditions 

Most of the Facility is flat with relatively good access.  The primary exceptions are the riverbank and the 
embankment along the BNSF railroad.  The riverbank is relatively steep and much of the bank is covered with 
riprap.  A narrow strip of the Facility property runs along the base of the BNSF embankment and is bordered 
by the cove beach on one side and the steep embankment on the other.  The riverbank and the narrow strip 
between the BNSF embankment and the cover beach are below the top of bank so not part of the upland area 
addressed by this FS. 
 
The Facility is primarily vacant and reverting to natural conditions.  Remnant concrete foundations are present 
including a large concrete slab on the East Parcel and concrete footings near the debris area in the Central 
Parcel. The summary of vegetation communities in Appendix B shows that approximately one-third of the 
Facility is covered with hardwood forest that is targeted by the City and Metro for restoration.  The remainder 
of the Facility is primarily scrub/shrub or meadow plant communities.  
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During the 2015 removal action, alternative excavation techniques were used within the drip line of select 
native tree species (madrone, big leaf maple, and Oregon white oak). The alternative excavation consisted of 
low impact excavation techniques, such as hand or vacuum excavation, under the supervision of an arborist 
to remove soil to the maximum extent practicable without damaging the trees. Prior to the soil removal action, 
a survey of the designated tree species near the excavation areas was conducted. All native trees in the 
Central Parcel and on the west end of the East Parcel were identified. The West Parcel and the majority of 
the East Parcel have not been surveyed to identify individual native trees. Based on the areas represented 
by hardwood forests on the West and East Parcels as presented in Appendix B, and the density of native 
trees encountered within those areas in the Central Parcel, it is assumed that approximately 10 percent of the 
area of the West and East Parcel is contained within the drip line of native trees.  
 
5.3 Site Use 

Based on multiple factors such as property ownership, zoning, and government plans, the property is targeted 
for green space, ecological restoration, and park uses consistent with green spaces.  Although some planning 
documents included consideration of more active recreational uses (e.g., picnicking), the property owner 
(Metro) understands that active recreational uses may not be suitable for the Facility and that deed restrictions 
could be required to limit site uses.  The most specific discussion of future development of the Facility includes 
restoration as a natural area to support aquatic, bird, and native vegetation species.  This type of restoration 
often includes access restrictions in support of the natural habitat.   
 
Metro will agree to place restrictions on the property deeds that limit site uses to passive recreation activities, 
and do not allow active uses such as designated child play areas, sports fields, or picnic areas.  Restrictions 
to access could be implemented with a combination of signs, paved trails, and physical barriers such as 
railings and fencing.  Signage could include interpretive language regarding the harbor, past and present.  
 
5.4 Coordination with Other Portland Harbor Superfund Site Activities 

This FS addresses cleanup of the upland Facility to address unacceptable baseline risks to upland receptors 
from the top of bank landward. Other activities associated with the PHSS cleanup will include remediation of 
river sediments and the riverbank (to top of bank), as appropriate.  The PHSS ROD identifies selected 
technologies for riverbank and sediment cleanup.  For riverbanks, remediation will be determined based on 
site-specific conditions but may include: 

• Constructing an engineered cap on the existing riverbank; 

• Placing imported fill to construct new riverbank; 

• Excavating the riverbank to remove contamination and flatten the slope; or 

• Excavating the riverbank to remove contamination followed by constructing and engineered cap or 
placing imported fill. 
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Selection of the specific actions on the riverbank is dependent on the conditions of the riverbank including 
slope, erosion potential, and concentrations of COCs in the riverbank. Different remedies may be applied 
along the length of the Facility. 
 
For sediment remediation, the selected remedy includes a combination of multiple technologies to be used 
throughout the Harbor.  Figure 31c from the ROD summarizes the selected technologies for sediment adjacent 
to the Facility.  The selected technologies include a combination of dredging (typically followed by placement 
of an engineered cap or fill), monitored natural recovery, and capping.  The selected technologies and areas 
where they are applied will be defined during the remedial design of the in-water portion of the remedy.   
 
Figures 8 and 9 are schematic cross-sections showing how the upland, riverbank, and in-water technologies 
will be coordinated to provide a comprehensive upland cleanup, riverbank source control, and sediment 
remediation. 
 

6.0 Remedial Action Objectives and Evaluation Criteria 

RAOs are medium-specific goals for protecting human health and the environment and provide the framework 
for developing and evaluating remedial action alternatives.  RAOs were developed to address pathways that 
pose the potential for unacceptable risk and to remediate hot spots to the extent feasible.  RAOs for the Facility 
are presented below. 
 
6.1 Remedial Action Objectives 

The following RAOs have been identified for the Facility.   
 
6.1.1 Ecological Upland RAOs 

The following lists the RAOs for ecological receptors. 

• Prevent exposure of ecological receptors to soil containing COCs above the receptor specific 
screening levels in Table 2.  

• Remove or treat soil with COC concentrations above the hot spot levels in Table 2 to the extent 
practicable as defined by DEQ rules. 

 
In determining compliance with the ecological RAOs, confirmation data will be evaluated on a point-by-point 
basis for plants, invertebrates, and hot spot levels.  For birds and mammals, if confirmation data do not meet 
the screening levels on a point-by-point basis, the data (including any historical data from areas not addressed 
by the remedial action) will be evaluated on an exposure area basis, comparing the 90 percent upper 
confidence limit of the mean to the receptor-specific screening levels in Table 2. 
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6.1.2 Human Health RAOs 

The following lists the RAOs for human receptors. 

• Prevent active recreational trespasser/park user, transient trespasser, and construction worker 
exposure to surface soils with COC concentrations exceeding receptor-specific RBCs in Table 4. 

• Prevent exposure of construction workers to subsurface soil  with concentrations exceeding receptor-
specific RBCs in Table 4. 

• Remove or treat soil with COC concentrations above the hot spot levels in Table 4 to the extent 
practicable as defined by DEQ rules. 

 
In determining compliance with the human health RAOs, confirmation data will be evaluated on a point-by-
point basis for hot spot levels.  If confirmation data do not meet the risk-based PRGs on a point-by-point basis, 
the data (including any historical data from areas not addressed by the remedial action) will be evaluated on 
an exposure area basis, comparing the 90 percent upper confidence limit of the mean to the risk-based 
receptor-specific RBCs in Table 4. 
 
6.2 Evaluation Criteria 

The evaluation of potentially feasible alternatives was conducted using the following criteria (OAR 340-122-
085(4)).   
 
6.2.1 Protectiveness 

Protectiveness is a threshold requirement; only alternatives that meet the protectiveness requirements were 
evaluated (OAR 340-122-040).  The protectiveness standards are: 

• Ability of remedial action to protect present and future public health, safety, and welfare; 

• Ability of remedial action to achieve acceptable risk levels specified in OAR 340-122-115; 

• Ability of remedial action to prevent or minimize future releases and migration of hazardous 
substances in the environment; and 

• Requirements for long-term monitoring, operation, maintenance, and review. 

 
This is an overall assessment that considers evaluation under the balancing factors below as well as 
compliance with applicable or relevant and appropriate requirements. 
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6.2.2 Balancing Factors 

Balancing Factors include the following (OAR 340-122-0090(3)): 

• Effectiveness:  Ability and timeframe of remedial action to achieve protection through eliminating or 
managing risk; 

• Long-Term Reliability:  Reliability of remedial action to eliminate or manage risk and associated 
uncertainties; 

• Implementability:  Ease or difficulty of implementing a remedial action considering technical, 
mechanical, and regulatory requirements; this will include evaluation of compatibility of the remedy 
with potential future source control actions, in-water remedies, and habitat restoration; 

• Implementation Risk:  Potential impacts to workers, the community, and the environment during 
implementation, including consideration of DEQ and EPA green remediation policies; and 

• Reasonableness of Costs:  Considers capital costs, operations and maintenance, and periodic 
review, and includes a net present-value evaluation of the remedial action. Estimated costs are 
typically +50 percent to -30 percent of actual cost if the alternative were to be implemented.  Cost 
estimates were prepared in accordance with EPA guidance (EPA, 2000).  

 
6.2.3 Treatment or Removal of Hot Spots 

Hot spots are evaluated based on the feasibility of treatment/removal of the hot spot using the above balancing 
factors with a higher threshold for cost reasonableness (OAR 340-122-085(5,6,7), -090(4)).  Consistent with 
DEQ rules, the higher threshold is applied only as long as the hot spot exists. 
 

7.0  Remedial Action Area and Extent 

The extent of soil impacted by COCs at concentrations that exceed the respective PRGs and hot spot levels 
are shown on Figures 6 and 7 and described in Section 5.  Figures 10 and 11 summarize this information to 
define the extent and depth of soil requiring remedial action to address soil exceeding PRGs (Figure 10) and 
soil above hot spot levels (Figure 11).  
 
As presented on Figures 6 and 7, the entire Facility has concentrations above hot spot levels for dioxin/furan 
TEQ. For development of remedial alternatives described below, dioxin/furan and non-dioxin/furan hot spots 
are distinguished. This allows evaluation of alternatives other than removal or capping of the entire Facility. 
Table 8 presents the areas and volumes of soil above TOB requiring remediation. It describes the extent of 
soil exceeding PRGs, hot spot levels, and non-dioxin/furan hot spot levels. The depth estimates in Table 8, 
based on the analysis in Section 5.1.1, were used to develop quantities of soil that require remedial action, 
estimate costs, and compare the feasibility of alternatives in the following sections. During implementation of 
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remedial actions involving removal of soil, final excavation depths will be determined using confirmation 
sampling to verify removal of soil above hot spot concentrations and/or PRGs, as appropriate for the 
corresponding remedial action objective. 
 

8.0 Remedial Action Alternatives and Preliminary 
Screening 

This section describes the development of the remedial action alternatives to be evaluated.  The alternative 
development process includes identifying general response actions and corresponding technologies, 
screening the technologies to eliminate technologies that are not feasible based on site conditions, and 
assembling remaining technologies into a list of site-specific cleanup action alternatives.  This evaluation 
addresses upland soil with identified unacceptable baseline risk. 
 

8.1 Site Conditions 

This section summarizes the site conditions that may affect the applicability of remedial technologies. These 
include site characteristics, soil conditions, and contaminant types.  

 
Site Characteristics. As described in Section 2, the Facility was formerly developed for industrial use 
including wood products facilities, dry docks, and marine salvage and demolition. Industrial use on the Facility 
was discontinued in the early 1980s. Facility buildings and other infrastructure was demolished by 1982 and 
the site has remained vacant since. As such, there are no utilities servicing the Facility. Physical access to 
the Facility is limited due to the adjacent bluffs, degradation of on-site and access roads, and intentionally 
placed barriers. Access by construction equipment is readily available. 

 
Soil Conditions. The soil beneath the Facility consists of fill and alluvial deposits.  The thickness of the fill 
across the Facility likely varies from about 20 to 30 feet; however, in places, it could be up to 60 feet. The fill 
and alluvial deposits consist of unconsolidated silts and sands. These units are often distinguished from 
natural deposits based only on historical topographic maps and the presence of anthropogenic debris in the 
fill. Depth to groundwater ranges from 20-35 feet bgs.  

 
Contaminant Types. The general characteristics associated with the analyte groups that drive risk at the 
Facility are listed below. 

• Metals – Inorganic, non-volatile, cannot be degraded by chemical or biological processes, high 
sorption affinity for organic carbon (bonds tightly to carbon particles), may be ionic; 

• PAHs – Organic, semi- to non-volatile, high sorption affinity for organic carbon, non-polar; 
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• PCBs – Organic, non-volatile, recalcitrant (slow to degrade by chemical or biological processes), 
high sorption affinity for organic carbon, non-polar;  

• Dibenzofuran – Organic, semi-volatile, high sorption affinity for organic carbon, non-polar; and 

• Dioxins/furans – Organic, non-volatile, recalcitrant, high sorption affinity for organic carbon, non-
polar. 

 
8.2 Applicable Technologies 

General response actions are broad categories of remedial measures that address the RAOs.  Technologies 
and corresponding response actions may be stand-alone remedial action alternatives or a component of a 
comprehensive alternative.  The list of general response actions and description of associated technologies 
is presented in Table 9. Technologies that were not applicable due to site characteristics, soil conditions, or 
contaminant type were not retained for further evaluation. 
 
8.3  Technology Screening 

Technologies that are applicable for site specific conditions at the Facility were evaluated in more detail based 
on additional factors including effectiveness, implementability, and cost. The detailed evaluation is 
summarized in Table 10, with the shaded technologies eliminated from further consideration.  Comments on 
the table explain the rationale for eliminating technologies from further consideration.  Technologies remaining 
for further evaluation after the initial screening are listed below. 
 

General Response Action Technologies  
No Action • No Action  

Institutional Controls • Deed Restrictions/Soil 
Management Plan 

• Monitoring 

 

Engineering Controls • Access Restrictions  
Containment • Capping  

Removal and Disposal • Excavation 
• Off-Site Disposal 
• On-Site Consolidation 

 

In Situ Treatment • Immobilization  
Ex Situ Physical Treatment • Solidification/Stabilization 

• Separation 
 

 
8.2 Development of Cleanup Action Alternatives 

Supporting or Supplemental Technologies.  Several of the technologies retained for evaluation are only 
suitable for use in conjunction with other technologies and would not be considered as standalone alternatives.  
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Several of these technologies are applicable only if used in conjunction with other technologies and have been 
retained as supporting technologies, and several of the technologies may only be applicable if they are 
deemed appropriate during implementation of the potential cleanup alternatives as supplemental 
technologies.  The supporting and supplemental technologies are listed below. 
 

Supporting Technologies Supplemental Technologies 
Soil Management Plan and Deed Restrictions Solidification/Stabilization 

Monitoring Separation 
Access Restrictions  

Off-Site Disposal  
On-Site Disposal  

Immobilization  

 
The remaining technologies define the primary cleanup technologies:  excavation and capping. 
 
Cleanup Action Alternatives.  The primary, supporting, and supplemental technologies were incorporated 
into representative cleanup action alternatives for further evaluation.  Four main alternatives are described 
below; no action, capping, excavation, and a combination of capping and excavation. The cleanup action 
alternatives for soil, therefore, include the following. 

1) Alternative 1:  No Action – This alternative is retained for comparison with other remedial action 
alternatives listed below. 

2) Capping. This alternative consists of covering impacted soils using soil or engineered materials to 
prevent direct contact with or migration of impacted soil.   

a) Alternative 2a: Standard Cap: This alternative includes capping of the impacted soils using soil or 
engineered materials to prevent direct contact with or migration of impacted soil. Contaminated soils 
are not removed via capping and given the site contaminants, it is reasonable to assume that minimal 
degradation will occur.  As such, implementation of engineering controls, such as signage to restrict 
access to areas of the site, and institutional controls, in the form of deed restrictions and a soil 
management plan (SMP), will be required.  Immobilization could be used if any areas of leaching 
concern are identified.  Routine, long-term cap maintenance inspections will be necessary in 
perpetuity.  This alternative represents a conservative approach that results in no restrictions on the 
type of receptors that may use the site but requires long-term site management. 

b) Alternative 2b: Amended Cap: This alternative includes the placement of a soil cap with 
amendments over areas of unacceptable risk to address ecological risk through short-term reduction 
in direct contact risk and reducing bioavailability.  Human health risks would be addressed through 
access restrictions (signage), engineering controls during any construction work, and deed 
restrictions on site uses.  This alternative is a relatively lower-cost alternative that may be still 
protective to compare to the more costly and conservative approaches. 
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3) Excavation. This alternative includes the removal of impacted soils from the site to a licensed landfill or 
controlled consolidation area.  

a) Alternative 3a: Standard Excavation with Off-Site Disposal: This alternative includes the 
complete removal of impacted soils from the site to a licensed landfill.  Depending on the waste 
designation, the soil would be disposed of in a Subtitle D or C landfill.  Alternatively, hazardous 
wastes could be treated to non-hazardous conditions (e.g., through stabilization) prior to disposal in 
a Subtitle D landfill.  Following excavation, the site would be backfilled with clean soil, re-graded 
using existing site soil, or a combination of both.  Continued monitoring would not be necessary.  
Separation technologies could be used to separate rock and debris from contaminated soil, reducing 
the amount of material disposed of in a landfill.  This alternative represents a conservative approach 
that results in no site use restrictions. 

b) Alternative 3b:  Alternative Excavation with Off-Site Disposal: This alternative includes removal 
of impacted soil from the site using revised excavation techniques to save designated native 
trees.  Within the drip line of designated trees, low impact excavation techniques would be used to 
remove soil to the maximum extent practicable without damaging the trees.  Outside of these areas, 
soil would be excavated using standard techniques. The remainder of this alternative would be the 
same as Alternative 3a. This alternative allows the conservation of native tree species under an 
excavation alternative.  

c) Alternative 3c: Standard Excavation with On-Site Consolidation: This alternative includes 
excavation of impacted soil and consolidating the soil on-site beneath a cap. Depending on the waste 
designation, the soil would be treated to non-hazardous conditions if necessary (e.g., through 
stabilization) prior to consolidation. As with the capping only alternative, secondary technologies 
associated with capping would also need to be implemented and long-term cap inspections would 
be necessary. Separation technologies could be used to separate rock and debris from contaminated 
soil, reducing the amount of material consolidated beneath the cap. This alternative is primarily 
intended to allow comparison of off-site disposal with on-site consolidation. 

d) Alternative 3d: Standard Excavation with Off-Site Disposal and On-Site Consolidation: This 
alternative includes excavation of impacted soil with higher concentrations of COCs (non-dioxin/furan 
hot spots) for off-site disposal and consolidating the remaining soil on-site beneath a cap.  The 
remainder of this alternative is the same as Alternative 3c. 

4) Focused Excavation with Capping. This alternative includes excavation of impacted soil with higher 
concentrations of COCs for off-site disposal and capping remaining areas of impacted soil.   

a) Alternative 4a:  Focused Standard Excavation with Off-Site Disposal and Standard Cap – This 
alternative includes excavation of impacted soil with higher concentrations of COCs (non-dioxin/furan 
hot spots) for off-site disposal and capping remaining areas of impacted soil.  Depending on the 
waste designation, the soil would be treated to non-hazardous conditions (e.g., through stabilization) 
prior to disposal.  As with the capping only alternative, secondary technologies associated with 
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capping (engineering and institutional controls) would also need to be implemented and long-term 
cap inspections would be necessary.  This alternative will facilitate evaluation of the feasibility of at 
least partial removal of hot spots under a capping alternative. 

b) Alternative 4b: Focused Alternative Excavation with Off-Site Disposal and Amended Cap: This 
alternative includes excavation of impacted soil (using alternative excavation techniques) from non-
dioxin/furan hot spot areas  for off-site disposal.  The alternative excavation techniques are intended 
to save designated native trees.  Within the drip line of designated trees, low impact excavation 
techniques would be used to remove soil to the maximum extent practicable without damaging the 
trees.  Outside of these areas, soil would be excavated using standard techniques.  Depending on 
the waste designation, the soil would be treated to non-hazardous conditions (e.g., through 
stabilization) prior to disposal.  The remaining areas would be covered with a soil cap with 
amendments to address ecological risk through short-term reduction in direct contact risk and 
reducing bioavailability.  Secondary technologies associated with capping (engineering and 
institutional controls) would also need to be implemented and long-term cap inspections would be 
necessary.  Human health risks would be addressed through access restrictions (signage), 
engineering controls during any construction work, and deed restrictions on site uses.  This 
alternative combines conservative approaches to the extent practicable for hot spots with lower 
impact approaches to address human and ecological risk. 

c) Alternative 4c: Focused Alternative Excavation with Off-Site Disposal, On-Site Consolidation 
and Cap: This alternative includes excavation of impacted soil (using alternative excavation 
techniques) with higher concentrations of COCs (non-dioxin/furan hot spots) for off-site disposal; 
consolidation on-site of soil exceeding human health PRGs beneath a cap; and capping soil 
exceeding ecological PRGs. These actions would result in all hot spots either removed from the 
Facility or consolidated on-site beneath a cap. The alternative excavation techniques are intended 
to save designated native trees.  Within the drip line of designated trees, low impact excavation 
techniques would be used to remove soil to the maximum extent practicable without damaging the 
trees. Secondary technologies associated with capping (engineering and institutional controls) would 
also need to be implemented and long-term cap inspections would be necessary.   

 
These alternatives are evaluated in detail in Section 9. 
 

9.0  Detailed Analysis of Remedial Action Alternatives 

This section describes and evaluates the remedial action alternatives identified in Section 8.  Feasibility of the 
alternatives was evaluated using the criteria in Section 6.2.   
 



  

 

Revised Feasibility Study and Source Control Evaluation  Page 42 
Willamette Cove Upland Facility  
March 7, 2019 
1056-10 

Following the evaluation, a comparative analysis of each alternative relative to the other alternatives was 
completed (Section 10).  The comparative analysis serves as the basis for selecting the recommended 
remedial action alternative (Section 11).   
 
9.1 Alternative 1 – No Action 

Description.  According to OAR 340-122-085(2), a No Action alternative must be evaluated as a remedial 
action alternative.  The No Action alternative assumes that no action is taken, no monitoring is performed, 
and no costs are incurred. 
 
Protectiveness.  The No Action alternative is not protective because it allows contaminants to be left in place 
at concentrations that exceed protective levels as determined from the baseline risk assessment.  
 
Effectiveness.  The No Action alternative does not effectively manage or eliminate risk. 
 
Long-Term Reliability.  The No Action alternative is not reliable because it does not manage or eliminate 
risk. 
 
Implementability.  The No Action alternative is the easiest of the alternatives to implement. 
 
Implementation Risk.  Since there are no construction or remediation activities associated with the No Action 
alternative, there is no risk to workers or the public during implementation of this alternative.  
 
Reasonableness of Cost.  There is no cost associated with the No Action alternative.   
 
Treatment or Removal of Hot Spots.  This alternative does not treat or remove the hot spots. 
 
9.2 Alternative 2a – Standard Cap 

Description.  For this alternative, the baseline risk would be managed with an engineered cap to prevent 
direct contact by human and ecological receptors.  Figure 12 shows the proposed cap area, and Figure 21 is 
a representative cap cross-section (Detail A).  In general, existing vegetation would be cleared to the ground 
surface. Invasive species clearing would include removal of the roots and disposal in a Subtitle D landfill.  
Trees would be recycled at a composting facility or reused on-site as mulch. Roots and other debris below 
the ground surface would remain.  Imported fill would be placed and the surface would be finished with native 
grasses, shrubs, and trees.  Finish grades would generally be consistent with the existing, leaving surface 
drainage substantively unchanged.  The final cap thickness would be 2 feet to account for mixing expected 
as a consequence of burrowing animals, plant growth, rainfall, runoff, and wind erosion.  The concrete slab 
on the East Parcel would be incorporated into the final cap.  A temporary irrigation system would be required 
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for at least the first growing season.  The cap would cover a total area of approximately 796,000 square feet 
for a total quantity of 58,900 cubic yards (98,700 tons).   
 
Dust control and use of personal protective equipment for construction workers are included in this alternative.  
Operation and maintenance would include irrigation, cap inspection/repair, plant inspection and replacement, 
herbivore control, and invasive species control.  A minimum of five years of active inspection and maintenance 
is expected.  Long-term inspection would be required thereafter at least on an annual basis, but also after 
extreme weather events that may cause erosion or cap damage such as an uprooted tree or damage to future 
site infrastructure.  Protocols of how to address damage to the cap would be incorporated into the Facility 
SMP.    
 
Institutional and engineering controls, including an SMP, signage, and designated pathways would be used 
indefinitely.  A deed restriction identifying the presence of the cap and contamination would be required. Metro 
will agree to place restrictions on property deeds that limit site uses to passive recreation activities Restrictions 
to access will be implemented with a combination of signs, paved trails, and physical barriers such as railings 
and fencing.   
 
Protectiveness.  The cap alternative is protective of human and ecological receptors by preventing direct 
contact with soil containing COCs.  Signs, deed restrictions, and the SMP would assure this protectiveness in 
the long term.   
 
Effectiveness.  Capping is a very effective means to address risks associated with direct contact, dust, or 
erosion.  A soil cap is effective in this case because the COCs have relatively low solubility so are immobile.  
None of the COC mass would be removed from the site.  Long term, there would be some mixing of cap and 
underlying soils resulting from activity of burrowing mammals.  By use of a 2-foot-thick cap, the resulting 
mixing of the soils is not expected to result in surface soil concentrations that exceed PRGs.  Because this is 
a publicly owned property, the engineering and institutional controls are expected to adequately manage long-
term risk.  The alternative is estimated to require less than six months to construct and it would be protective 
immediately after implementation. 
 
Long-Term Reliability.  The long-term reliability of this alternative requires maintenance of the cap, 
engineering and institutional controls, and enforcement of the SMP.  Because this is a publicly owned property, 
the engineering and institutional controls are expected to adequately manage long-term risk. 
 
Implementability.  This alternative uses standard construction services that are readily available. Access to 
the site is through residential neighborhoods. Available options for transport of materials to the Facility include 
truck, rail, and barge.  Rail and barge and will be evaluated during design as a preference to trucks to reduce 
the disturbance to the neighborhood. Conducting upland cleanup at the same time as in-water work would 
greatly increase the feasibility of barging upland materials to the Facility. As the cost of using rail or barge in 
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association with the in-water work is not possible to predict at this time, transport by truck is used for estimating 
costs. Using trucks to transport cap materials would require on the order of 7,900 truck trips through the 
neighborhood, assuming 15 cy per truck and two trips per load.  The site has several stands of mature native 
species.  This alternative would remove these trees.  An upland cap is generally compatible with any potential 
source control action or in-water remedy.   
 
Implementation Risk.  Implementation risks include potential impacts to the community, site workers, and 
the environment during implementation, summarized as follows. 

• Community – If trucks are used to transport materials to the Facility, an estimated 7,900 truck trips 
would be required through the adjacent residential communities.  This brings noise and air pollution 
to this neighborhood.  Motor vehicle accidents, including the potential for vehicle/pedestrian or 
vehicle/bicycle accidents, are a possibility.  The use of rail or barge to transport cap materials onto 
the Facility would be preferred to mitigate risks of motor vehicle accidents and noise and air pollution 
from the transport of materials by truck. 

• Site Workers – Risks to construction workers include physical hazards from heavy construction 
equipment and inhalation of dust.  These risks are readily addressed with engineering controls (e.g., 
high visibility gear, dust suppression) and personal protective gear.   

• Environment – Much of the Facility is covered with native plant communities, including mature stands 
of madrone and poplar.  This alternative would remove these plant communities, and although native 
species would be replanted, it would be decades before these mature trees would be replaced.  
Equipment and trucks used for the work would be diesel powered, contributing greenhouse gases to 
the atmosphere.  If trucks are used to transport materials to the Facility, assuming the soil borrow 
source is located within 10 miles of the site, the project would generate approximately 79,000 truck 
miles.  The use of rail or barge to transport cap materials onto the Facility would be preferred to 
mitigate these risks.  In addition, incorporation of Best Management Practices for Excavation and 
Surface Restoration for Green Remediation (EPA, 2008) will be incorporated as much as is practical 
for the project.  

 
Reasonableness of Cost.  Table 11 provides a detailed cost estimate for this alternative.  Costs include 
direct/indirect capital costs (e.g., design, permitting, construction), annual operation/maintenance costs, and 
costs of periodic reviews.  Costs are stated in terms of net present value (NPV), assuming that capital costs 
are incurred in year zero.  Costs for this alternative are summarized as follows. 
 

Capital $ 4,050,000 
Long-Term (NPV) $    505,000 
Contingency $    683,000 
Total (NPV) $ 5,238,000 
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Treatment or Removal of Hot Spots.  This alternative does not treat or remove hot spots. 
 
9.3 Alternative 2b – Amended Cap 

Description.  This alternative would consist of placement of an amended soil cap and restricting site access 
and use. 
 
Ecological baseline risk would be managed with a 1-foot-thick amended soil cap over the Site.  The concrete 
slab on the East Parcel would be incorporated into the final cap.  Finish grades would generally be consistent 
with the existing grades, leaving surface drainage substantively unchanged.  The amended cap reduces 
ecological risk through multiple mechanisms.  First, it would immediately prevent direct contact with soil for 
many species such as birds, shallow rooted plants, and invertebrates.  Second, amendments in the soil reduce 
the bioavailability of the COCs.  Finally, over time, activity by burrowing animals would mix the cap material 
into the surface soil, reducing overall concentrations of the existing surface soil.  During the design phase, 
immobilization additives could be evaluated for use in the thin-layer cap.  For example, the addition of 
activated carbon in the cap material could reduce the bioavailability of HPAHs in the western ecological 
cleanup area or dioxins/furans throughout much of the Facility.  Amending soil with organic matter as a means 
to reduce toxicity by limiting bioavailability has been identified as an effective technology at contaminated sites 
(EPA, 2007). 
 
Institutional and engineering controls, including an SMP, signage, and designated pathways would be used 
indefinitely.  A deed restriction identifying the presence of the cap and contamination would be required. Metro 
will agree to place restrictions on property deeds that limit site uses to passive recreation activities.  
Restrictions to access will be implemented with a combination of signs, paved trails, and physical barriers 
such as railings and fencing.   
 
Figure 13 shows the proposed cap area, and Figure 21 is a representative cap cross-section (Detail B).  Prior 
to capping, non-native trees and shrubs/grasses would be closely mowed and invasive species would be 
removed (disposed in an off-site landfill), but native trees would remain.  The amended cap would be placed 
in consultation with an arborist so as to not endanger native trees.  After placement of the amended cap, the 
surface would be finished with native grasses, shrubs, and trees.  A temporary irrigation system would be 
required for at least the first growing season.  The 1-foot-thick cap would cover a total area of approximately 
796,000 square feet for a total quantity of 29,500 cubic yards (47,200 tons). 
 
Dust control and use of personal protective equipment for construction workers are included in this alternative.  
Operation and maintenance would include irrigation, cap inspection/repair, plant inspection and replacement, 
herbivory control, and invasive species control.  A minimum of five years of active inspection and maintenance 
is expected.  Long-term annual inspection would be required thereafter at least on an annual basis, but also 
after extreme weather events that may cause erosion or cap damage such as an uprooted tree or damage to 
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future site infrastructure.  Protocols of how to address damage to the cap would be incorporated into the 
Facility SMP.    
 
Protectiveness.  This alternative is protective of human and ecological receptors through a combination of 
short-term prevention of direct contact through caps and engineering controls, and long-term reduction of 
toxicity though immobilization and/or mixing of impacted soil with cap materials.  Signs, deed restrictions, and 
the SMP would assure this protectiveness in the long term.  There is uncertainty in the overall protectiveness 
of the 1-foot-thick amended cap. 
 
Effectiveness.  A soil cap is effective in this case because the COCs have relatively low solubility so are 
immobile.  None of the COC mass would be removed from the site.  Long term, there would be mixing of cap 
and underlying soils resulting from activity of burrowing mammals.  Except potentially in the hot spot areas, 
the resulting mixing of the soils is not expected to result in surface soil concentrations that exceed PRGs.  
There is uncertainty in the overall effectiveness of the 1-foot-thick amended cap.  Because this is a publicly 
owned property, the engineering and institutional controls are expected to adequately manage long-term risk.  
The alternative is estimated to require less than six months to construct and it would be protective immediately 
after implementation. 
 
Long-Term Reliability.  The long-term reliability of this alternative requires engineering and institutional 
controls and enforcement of the SMP.  Because this is a publicly owned property, the engineering and 
institutional controls are expected to adequately manage long-term risk.  Because this alternative assumes 
that natural processes will mix the soil and cap material, there is not a need for reliance on long-term cap 
maintenance.  However, in the long run, it is uncertain if the amended thin cap would reliably protect ecological 
species. 
 
Implementability.  This alternative uses standard construction services that are readily available.  Available 
options for transport of materials to the Facility include truck, rail, and barge.  Rail and barge and will be 
evaluated during design as a preference to trucks to reduce the disturbance to the neighborhood. Conducting 
upland cleanup at the same time as in-water work would greatly increase the feasibility of barging upland 
materials to the Facility. As the cost of using rail or barge in association with the in-water work is not possible 
to predict at this time, transport by truck is used for estimating costs. Access to the site is through residential 
neighborhoods and the project would require on the order of 3,900 truck trips through the neighborhood 
assuming 15 cy per truck and two trips per load.  The site has several stands of mature native species.  This 
alternative maintains these trees and much of the natural habitat.  An upland cap is generally compatible with 
any potential source control action or in-water remedy.   
 
Implementation Risk.  Implementation risks include potential impacts to the community, site workers, and 
the environment during implementation, summarized as follows. 
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• Community – If trucks are used to transport materials to the Facility, an estimated 3,900 truck trips 
would be required through the adjacent residential communities.  This brings noise and air pollution 
to this neighborhood.  Motor vehicle accidents, including the potential for vehicle/pedestrian or 
vehicle/bicycle accidents, are a possibility.  The use of rail or barge to transport cap materials onto 
the Facility would be preferred to mitigate risks of motor vehicle accidents and noise and air pollution 
from the transport of materials by truck. 

• Site Workers – Risks to construction workers include physical hazards from heavy construction 
equipment and inhalation of dust.  These risks are readily addressed with engineering controls (e.g., 
high visibility gear, dust suppression) and personal protective gear.   

• Environment – This alternative would carry low risk to native plant communities.  Equipment and 
trucks used for the work would be diesel powered, contributing greenhouse gases to the atmosphere.  
Assuming the soil borrow, and amendment sources are located within 10 miles of the site, the project 
would generate approximately 39,000 truck miles.  The use of rail or barge to transport cap materials 
onto the Facility would be preferred to mitigate these risks.  In addition, incorporation of Best 
Management Practices for Excavation and Surface Restoration for Green Remediation (EPA, 2008) 
will be incorporated as much as is practical for the project. 

 
Reasonableness of Cost.  Table 12 provides a detailed cost estimate for this alternative.  Costs include 
direct/indirect capital costs (e.g., design, permitting, construction), annual operation/maintenance costs, and 
costs of periodic reviews.  Costs are stated in terms of NPV assuming that capital costs are incurred in year 
zero.  Costs for this alternative are summarized as follows. 
 

Capital $ 3,099,000 
Long-Term (NPV) $    294,000 
Contingency $    509,000 
Total (NPV) $ 3,902,000 

 
Treatment or Removal of Hot Spots.  This alternative does not treat or remove hot spot soil. 
 
9.4 Alternative 3a – Standard Excavation with Off-Site Disposal 

Description.  For this alternative, soil areas above cleanup levels would be excavated and disposed of in an 
off-site landfill.  The final depth of excavation would be determined by verification sampling, but based on the 
analysis in Section 5.1.1, the excavation depth is assumed to be 2 feet for the West Parcel, 3 feet for the west 
end of the Central Parcel, and 1 foot for the east end of the Central Parcel and East Parcel. It is assumed that 
the soil would not be a hazardous waste (based on sampling/evaluation conducted during the removal action).  
If necessary, stabilization could be used as a supplemental technology to treat hazardous wastes to non-
hazardous conditions prior to disposal in a Subtitle D landfill; otherwise, hazardous wastes would require 
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disposal at a Subtitle C landfill.  Confirmation sampling would be conducted to verify removal of the soil above 
the PRGs.   
 
Figure 14 shows the proposed excavation area, and Figure 21 is a representative excavation cross-section 
(Detail C).  In general, existing vegetation would be cleared to the ground surface.  Invasive species clearing 
would include removal of the roots and disposal in a Subtitle D landfill.  Trees would be recycled at a 
composting facility or re-used on-site as mulch.  Roots and other debris below the ground surface would be 
excavated with the soil.  Soil would be excavated throughout the cleanup area using standard construction 
equipment.  Following excavation, one foot of clean, imported topsoil would be placed and the surface would 
be finished with native grasses, shrubs, and trees.  A temporary irrigation system would be required for at 
least the first growing season.  The total area of the excavation would be approximately  
796,000 square feet with a total quantity of 45,900 cubic yards (78,000 tons).  The foot of topsoil would cover 
a total area of approximately 796,000 square feet for a total quantity of 29,500 cubic yards (47,200 tons).  
Finish grades would generally be consistent with the existing, leaving surface drainage substantively 
unchanged.   
 
Dust control and use of personal protective equipment for construction workers are included in this alternative.  
Operation and maintenance would include irrigation, plant inspection and replacement, herbivory control, and 
invasive species control.  A minimum of five years of active inspection and maintenance is expected.  Once 
the vegetation is established, no long-term inspection or maintenance would be required. 
 
There would be no institutional or engineering controls.  
 
Site use would be unrestricted. 
 
Protectiveness.  Landfill disposal achieves protection by removing the contaminated soil to a managed 
facility.  Except for irrigation and plant maintenance during the first few years, there are no long-term 
monitoring, operations, or maintenance requirements.   
 
Effectiveness.  This alternative is effective because the impacted soil is removed off-site to a controlled 
landfill.  The alternative is estimated to require six months to construct and it would be protective immediately 
after implementation. 
 
Long-Term Reliability.  Disposing of the soil at a landfill will eliminate the human health and ecological risks 
from the soil by removing the contaminant source to a managed facility.  This alternative otherwise has good 
long-term reliability because the landfill is a controlled disposal facility that is required to conduct  
long-term maintenance and monitoring.   
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Implementability.  This alternative uses standard construction services that are readily available.  Access to 
the site is through residential neighborhoods. Available options for transport of materials to the Facility include 
truck, rail, and barge.  Rail and barge and will be evaluated during design as a preference to trucks to reduce 
the disturbance to the neighborhood. Conducting upland cleanup at the same time as in-water work would 
greatly increase the feasibility of barging upland materials to the Facility. As the cost of using rail or barge in 
association with the in-water work is not possible to predict at this time, transport by truck is used for estimating 
costs. Using trucks to transport materials would require on the order of 10,000 truck trips through the 
neighborhood assuming 15 cy per truck and two trips per load.  The site has several stands of mature native 
species.  This alternative would remove these trees.  Excavation is generally compatible with any potential 
source control action or in-water remedy. 
 
Implementation Risk.  Implementation risks include potential impacts to the community, site workers, and 
the environment during implementation, summarized as follows. 

• Community – If trucks are used to remove excavated material and transport imported material, an 
estimated 10,000 truck trips would be required through the adjacent residential communities.  This 
brings noise and air pollution to this neighborhood.  Motor vehicle accidents, including the potential 
for vehicle/pedestrian or vehicle/bicycle accidents, are a possibility.  The use of rail or barge to 
transport cap materials onto the Facility would be preferred to mitigate these risks of motor vehicle 
accidents and noise and air pollution from the transport of materials by truck.   

• Site Workers – Risks to construction workers include physical hazards from heavy construction 
equipment and inhalation of dust.  These risks are readily addressed with engineering controls (e.g., 
high visibility gear, dust suppression) and personal protective gear.   

• Environment – Much of the Facility is covered with native plant communities, including mature stands 
of madrone and poplar.  This alternative would remove these plant communities, and although native 
species would be replanted, it would be decades before these mature trees would be replaced.  
Equipment and trucks used for the work would be diesel powered, contributing greenhouse gases to 
the atmosphere.  If trucks are used transport, assuming the landfill is located within 30 miles and the 
soil borrow source is located within 10 miles of the site, the project would generate approximately 
223,000 truck miles.  The use of rail or barge to transport cap materials onto the Facility would be 
preferred to mitigate risks of motor vehicle accidents and noise and air pollution from the transport 
of materials by truck.  In addition, incorporation of Best Management Practices for Excavation and 
Surface Restoration for Green Remediation (EPA, 2008) will be incorporated as much as is practical 
for the project. 

 
Reasonableness of Cost.  Table 13 provides a detailed cost estimate for this alternative.  Costs include 
direct/indirect capital costs (e.g., design, permitting, construction), annual operation/maintenance costs, and 
costs of periodic reviews.  Costs are stated in terms of NPV assuming that capital costs are incurred in year 
zero.  Costs for this alternative are summarized as follows. 
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Capital $ 7,515,000 
Long-Term (NPV) $    228,000 
Contingency $ 1,161,000 
Total (NPV) $ 8,904,000 

 
Treatment or Removal of Hot Spots.  This alternative addresses the hot spots by complete removal to a 
controlled landfill. 
 
9.5 Alternative 3b – Alternative Excavation with Off-Site Disposal 

Description.  This alternative is the same as Alternative 3a except that excavation techniques would be 
revised to save designated native trees.  Within the drip line of designated trees, low impact excavation 
techniques, such as hand or vacuum excavation, would be used to remove soil to the maximum extent 
practicable without damaging the trees.  The presumed excavation depth within the tree drip lines is 1 foot.  
Excavation would be conducted in consultation with an arborist so as to not endanger the trees.  Outside of 
these areas, soil would be excavated using standard construction equipment.  Following excavation, one foot 
of imported topsoil would be placed.  Finish grades would generally be consistent with the existing, leaving 
surface drainage substantively unchanged.  The remainder of the alternative would be the same as Alternative 
3a.  The layout and details for this alternative are shown on Figures 15 and 21 (Detail D).   
 
The total area of the standard and alternative excavation would be approximately 687,000 and 50,000 square 
feet, respectively.  Corresponding quantities are 43,000 cubic yards of excavation (76,200 tons) and 27,300 
cubic yards of imported topsoil (43,600 tons).  Of the total excavation, 1,800 cubic yards (3,100 tons) would 
be excavated using alternative techniques. 
 
Based on the results of the removal action, complete removal of soil above PRGs is not possible from within 
the tree drip lines.  The one-foot topsoil layer would act as a cap for these areas.  Therefore, institutional and 
engineering controls, including an SMP, signage, and designated pathways will be needed.  A deed restriction 
identifying the presence of the contamination would be required.  Long-term annual inspection/maintenance 
would be required thereafter.   
 
Protectiveness.  Landfill disposal achieves protection by removing the contaminated soil to a managed 
facility.  Operation and maintenance requirements include irrigation and plant maintenance during the first few 
years.  Regular inspection of the cap will be required, assumed for the first 5 years.  Long-term cap inspection 
would be required thereafter at least on an annual basis, but also after extreme weather events that may 
cause erosion or cap damage such as an uprooted tree or damage to future site infrastructure.  Protocols of 
how to address damage to the cap would be incorporated into the Facility SMP.   There is uncertainty if the 
1-foot-thick cap in the tree drip line areas would be sufficiently protective. 
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Effectiveness.  This alternative is primarily effective because a large portion of the impacted soil is removed 
off-site to a controlled landfill.  The cap addresses risks associated with direct contact, dust, or erosion.  There 
is uncertainty if the 1-foot-thick cap in the tree drip line areas would be effective.  The alternative is estimated 
to require six months to construct and it would be protective immediately after implementation. 
 
Long-Term Reliability.  Disposing of the soil at a landfill will eliminate the human health and ecological risks 
from the soil by removing the contaminant source to a managed facility.  This alternative has good long-term 
reliability because the landfill is a controlled disposal facility that is required to conduct long-term maintenance 
and monitoring.  Long-term reliability of the cap is dependent on maintenance, engineering and institutional 
controls, and enforcement of the SMP.  Over time, the cap materials will mix with underlying soil as a result 
of burrowing animals.  This adds uncertainty to the long-term reliability of the cap.  Because this is a publicly 
owned property, the engineering and institutional controls are expected to adequately manage long-term risk.   
 
Implementability.  This alternative uses standard construction services that are readily available.  Access to 
the site is through residential neighborhoods.  Available options for transport of materials to the Facility include 
truck, rail, and barge.  Rail and barge and will be evaluated during design as a preference to trucks to reduce 
the disturbance to the neighborhood. Conducting upland cleanup at the same time as in-water work would 
greatly increase the feasibility of barging upland materials to the Facility. As the cost of using rail or barge in 
association with the in-water work is not possible to predict at this time, transport by truck is used for estimating 
costs. If trucks are used to transport site materials, the project would require on the order of 9,400 truck trips 
through the neighborhood assuming 15 cy per truck and two trips per load. The site has several stands of 
mature native species.  This alternative would protect these trees.  Excavation is generally compatible with 
any potential source control action or in-water remedy. 
 
Implementation Risk.  Implementation risks include potential impacts to the community, site workers, and 
the environment during implementation, summarized as follows. 

• Community – If trucks are used to transport materials, an estimated 9,400 truck trips would be 
required through the adjacent residential communities.  This brings noise and air pollution to this 
neighborhood.  Motor vehicle accidents, including the potential for vehicle/pedestrian or 
vehicle/bicycle accidents, are a possibility.  The use of rail or barge to transport cap materials onto 
the Facility would be preferred to mitigate risks of motor vehicle accidents and noise and air pollution 
from the transport of materials by truck.   

• Site Workers – Risks to construction workers include physical hazards from heavy construction 
equipment and inhalation of dust.  These risks are readily addressed with engineering controls (e.g., 
high visibility gear, dust suppression) and personal protective gear.   

• Environment – This alternative would carry low risk to native plant communities.  Equipment and 
trucks used for the work would be diesel powered, contributing greenhouse gases to the atmosphere.  
If trucks are used to transport materials, assuming the landfill is located within 30 miles and the soil 
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borrow source is located within 10 miles of the site, the project would generate approximately 
208,000 truck miles.  The use of rail or barge to transport soil to a landfill or cap materials onto the 
Facility would be preferred to mitigate these risks.  In addition, incorporation of Best Management 
Practices for Excavation and Surface Restoration for Green Remediation (EPA, 2008) will be 
incorporated as much as is practical for the project. 

 
Reasonableness of Cost.  Table 14 provides a detailed cost estimate for this alternative.  Costs include 
direct/indirect capital costs (e.g., design, permitting, construction), annual operation/maintenance costs, and 
costs of periodic reviews.  Costs are stated in terms of NPV assuming that capital costs are incurred in year 
zero.  Costs for this alternative are summarized as follows. 
 

Capital $ 7,239,000 
Long-Term (NPV) $    185,000 
Contingency $ 1,114,000 
Total (NPV) $ 8,538,000 

 
Treatment or Removal of Hot Spots.  This alternative addresses the hot spots by nearly complete removal 
to a controlled landfill.  Small volumes of soil with dioxins/furans exceeding hot spot levels could remain within 
the drip lines of some trees.  These areas would be capped. 
 
9.6 Alternative 3c – Standard Excavation with On-Site Consolidation  

Description.  For this alternative, soil in areas above cleanup levels would be excavated, consolidated on-
site, and capped.  The final depth of excavation would be determined by verification sampling, but based on 
the analysis in Section 5.1.1, the excavation depth is assumed to be 2 feet for the West Parcel, 3 feet for the 
west end of the Central Parcel, and 1 foot for the east end of the Central Parcel and East Parcel.  It is assumed 
that the soil would not be a hazardous waste (based on sampling/evaluation conducted during the removal 
action).  If necessary, stabilization could be used as a supplemental technology to treat hazardous wastes to 
non-hazardous conditions prior to disposal; otherwise hazardous wastes would require disposal at a Subtitle 
C landfill.  Confirmation sampling may be completed to verify removal of the soil above the PRGs.   
 
Figure 16 shows the proposed excavation and consolidation area.  Figure 21 presents representative 
excavation (Detail C) and cap (Detail E) cross-sections.  In general, existing vegetation would be cleared to 
the ground surface.  Invasive species clearing would include removal of the roots and disposal in a Subtitle D 
landfill.  Trees would be recycled at a composting facility or re-used on-site as mulch.  Roots and other debris 
below the ground surface would be excavated with the soil.  Following excavation, outside the consolidation 
area, one foot of clean, imported topsoil would be placed and the surface would be finished with native 
grasses, shrubs, and trees.  The consolidation area would be covered with two feet of soil and vegetated.  A 
temporary irrigation system would be required for at least the first growing season.  The total area of the 
excavation would be approximately 576,000 square feet (total area less the consolidation area footprint) for a 
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total quantity of 37,800 cubic yards (64,300 tons).  One foot of topsoil would cover a total area of approximately 
576,000 square feet for a total quantity of 21,300 cubic yards (34,000 tons).  Outside the consolidation area, 
finish grades would generally be consistent with the existing, leaving surface drainage substantively 
unchanged.  The two-foot cap on the consolidation area (6 inches topsoil over 18 inches of general fill) would 
cover a total area of approximately 220,000 square feet for a total quantity of 16,300 cubic yards (27,000 
tons). 
 
Dust control and use of personal protective equipment for construction workers are included in this alternative.  
Operation and maintenance would include irrigation, cap inspection/repair, plant inspection and replacement, 
herbivory control, and invasive species control.  A minimum of five years of active inspection and maintenance 
is expected.  Long-term annual inspection would be required thereafter at least on an annual basis, but also 
after extreme weather events that may cause erosion or cap damage such as an uprooted tree or damage to 
future site infrastructure.  Protocols of how to address damage to the cap would be incorporated into the 
Facility SMP.    
 
For the consolidation area, institutional and engineering controls including an SMP, signage, and designated 
pathways would be used indefinitely.  A deed restriction identifying the presence of the cap and contamination 
would be required. Metro will agree to place restrictions on property deeds that limit site uses to passive 
recreation activities.  Restrictions to access will be implemented with a combination of signs, paved trails, and 
physical barriers such as railings and fencing.   
 
Outside the capped area, site use would be unrestricted. 
 
Protectiveness.  On-site consolidation achieves protection by removing the contaminated soil to a 
consolidated area that can be capped and maintained efficiently.  In the capped area, signs, deed restrictions, 
and the SMP would assure this protectiveness in the long term.  Outside the capped area, except for irrigation 
and plant maintenance during the first few years, there are no long-term monitoring, operations, or 
maintenance requirements. 
 
Effectiveness.  For much of the site, this alternative is effective because the impacted soil is removed to a 
controlled, on-site consolidation area.  Capping of the consolidation area is a very effective means to address 
risks associated with direct contact or dust.  A soil cap is effective in this case because the COCs have 
relatively low solubility so are immobile.  None of the COC mass would be removed from the site.  Because 
this is a publicly owned property, the engineering and institutional controls are expected to adequately manage 
long-term risk.  The alternative is estimated to require less than six months to construct and it would be 
protective immediately after implementation. 
 
Long-Term Reliability.  The long-term reliability of this alternative requires maintenance of the cap, 
engineering and institutional controls, and enforcement of the SMP.  Consolidating the material in one location 
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on-site improves the long-term reliability relative to capping.  Because this is a publicly owned property, the 
engineering and institutional controls are expected to adequately manage long-term risk. 
 
Implementability.  This alternative uses standard construction services that are readily available.  Access to 
the site is through residential neighborhoods.  Available options for transport of materials to the Facility include 
truck, rail, and barge.  Rail and barge and will be evaluated during design as a preference to trucks to reduce 
the disturbance to the neighborhood. Conducting upland cleanup at the same time as in-water work would 
greatly increase the feasibility of barging upland materials to the Facility. As the cost of using rail or barge in 
association with the in-water work is not possible to predict at this time, transport by truck is used for estimating 
costs. If trucks are used to transport materials, the project would require on the order of 5,000 truck trips 
through the neighborhood assuming 15 cy per truck and two trips per load.  The site has several stands of 
mature native species.  This alternative would remove these trees.  Excavation is generally compatible with 
any potential source control or in-water remedy.   
 
Implementation Risk.  Implementation risks include potential impacts to the community, site workers, and 
the environment during implementation, summarized as follows. 

• Community – If trucks are used to transport materials, an estimated 5,000 truck trips would be 
required through the adjacent residential communities.  This brings noise and air pollution to this 
neighborhood.  Motor vehicle accidents, including the potential for vehicle/pedestrian or 
vehicle/bicycle accidents, are a possibility.  The use of rail or barge to transport cap materials onto 
the Facility would be preferred to mitigate these risks.   

• Site Workers – Risks to construction workers include physical hazards from heavy construction 
equipment and inhalation of dust.  These risks are readily addressed with engineering controls (e.g., 
high visibility gear, dust suppression) and personal protective gear.   

• Environment – Much of the Facility is covered with native plant communities including mature stands 
of madrone and poplar.  This alternative would remove these plant communities, and although native 
species would be replanted, it would be decades before these mature trees would be replaced.  
Equipment and trucks used for the work would be diesel powered, contributing greenhouse gases to 
the atmosphere.  If trucks are used to transport materials, assuming the soil borrow source is located 
within 10 miles of the site, the project would generate approximately 50,000 truck miles.  The use of 
rail or barge to transport cap materials onto the Facility would be preferred to mitigate these risks.  
In addition, incorporation of Best Management Practices for Excavation and Surface Restoration for 
Green Remediation (EPA, 2008) will be incorporated as much as is practical for the project. 

 
Reasonableness of Cost.  Table 15 provides a detailed cost estimate for this alternative.  Costs include 
direct/indirect capital costs (e.g., design, permitting, construction), annual operation/maintenance costs, and 
costs of periodic reviews.  Costs are stated in terms of NPV assuming that capital costs are incurred in year 
zero.  Costs for this alternative are summarized as follows. 
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Capital $ 4,629,000 
Long-Term (NPV) $    463,000 
Contingency $    764,000 
Total (NPV) $ 5,856,000 

 
Treatment or Removal of Hot Spots.  This alternative does not treat or remove the hot spot soil.  The hot 
spot soils are consolidated in one location, reducing the overall area of the hot spots.  
 
9.7 Alternative 3d – Standard Excavation with Off-Site Disposal and On-Site 
Consolidation 

Description.  For this alternative, soil in the non-dioxin/furan hot spot areas would be excavated and disposed 
of in an off-site landfill.  Remaining soil would be excavated, consolidated on-site, and capped.  Excavation 
would be conducted using standard construction equipment.  The final depth of excavation would be 
determined by verification sampling, but based on the analysis in Section 5.1.1, the excavation depth is 
assumed to be 2 feet for the West Parcel, 3 feet for the west end of the Central Parcel, and 1 foot for the east 
end of the Central Parcel and East Parcel.  It is assumed that the soil would not be a hazardous waste (based 
on sampling/evaluation conducted during the removal action).  If necessary, stabilization could be used as a 
supplemental technology to treat hazardous wastes to non-hazardous conditions prior to disposal; otherwise 
hazardous wastes would require disposal at a Subtitle C landfill.  Confirmation sampling may be completed 
to verify removal of the soil above the PRGs or hot spot levels.   
 
Figure 17 shows the proposed excavation and consolidation area.  Figure 21 presents representative 
excavation (Detail C) and cap (Detail E) cross-sections.  In general, existing vegetation would be cleared to 
the ground surface.  Invasive species clearing would include removal of the roots and disposal in a Subtitle D 
landfill.  Trees would be recycled at a composting facility or re-used on-site as mulch.  Roots and other debris 
below the ground surface would be excavated with the soil.  Following excavation, outside the consolidation 
area, one foot of clean, imported topsoil would be placed and the surface would be finished with native 
grasses, shrubs, and trees.  The consolidation area would be covered with two feet of soil and vegetated.  A 
temporary irrigation system would be required for at least the first growing season.  The total area of the 
excavation would be approximately 576,000 square feet (total area less the consolidation area footprint) for a 
total quantity of 37,800 cubic yards (64,300 tons).  Of that total, 5,300 cubic yards (9,100 tons) would be 
disposed of off-site and the remaining total would be placed in the on-site consolidation area.  One foot of 
topsoil would cover a total area of approximately 576,000 square feet for a total quantity of 21,300 cubic yards 
(34,000 tons).  Outside the consolidation area, finish grades would generally be consistent with the existing, 
leaving surface drainage substantively unchanged.  The two-foot cap on the consolidation area (6 inches 
topsoil over 18 inches of general fill) would cover a total area of approximately 220,000 square feet for a total 
quantity of 16,200 cubic yards (27,000 tons). 
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Dust control and use of personal protective equipment for construction workers are included in this alternative.  
Operation and maintenance would include irrigation, cap inspection/repair, plant inspection and replacement, 
herbivory control, and invasive species control.  A minimum of five years of active inspection and maintenance 
is expected.  Long-term inspection would be required thereafter at least on an annual basis, but also after 
extreme weather events that may cause erosion or cap damage such as an uprooted tree or damage to future 
site infrastructure.  Protocols of how to address damage to the cap would be incorporated into the Facility 
SMP.    
 
For the consolidation area, institutional and engineering controls including an SMP, signage, and designated 
pathways would be used indefinitely.  A deed restriction identifying the presence of the cap and contamination 
would be required.  Metro will agree to place restrictions on property deeds that limit site uses to passive 
recreation activities.  Restrictions to access will be implemented with a combination of signs, paved trails, and 
physical barriers such as railings and fencing.   
 
Outside the capped area, site use would be unrestricted. 
 
Protectiveness.  This alternative is protective of human and ecological receptors by preventing direct contact 
with soil containing COCs through a combination of removal of higher relative concentration material and 
consolidating remaining material that can be capped and maintained efficiently.  The higher relative 
concentration materials would be removed from the site to a controlled landfill.  In the capped area, signs, 
deed restrictions, and the SMP would assure this protectiveness in the long term.  Outside the capped area, 
except for irrigation and plant maintenance during the first few years, there are no long-term monitoring, 
operations, or maintenance requirements. 
 
Effectiveness.  This alternative is effective because the non-dioxin/furan hot spots are removed off-site to a 
controlled landfill and the remaining impacted soil is removed to a controlled, on-site consolidation area.  
Capping of the consolidation area is a very effective means to address risks associated with direct contact or 
dust.  A soil cap is effective in this case because the COCs have relatively low solubility so are immobile.  
Because this is a publicly owned property, the engineering and institutional controls are expected to 
adequately manage long-term risk.  The alternative is estimated to require approximately six months to 
construct and it would be protective immediately after implementation. 
 
Long-Term Reliability.  Disposal of the non-dioxin/furan hot spots has good long-term reliability because the 
landfill is a controlled disposal facility that is required to conduct long-term maintenance and monitoring.  
Consolidating the material in one location on-site improves the long-term reliability relative to capping.  The 
long-term reliability of this alternative requires maintenance of the cap, engineering and institutional controls, 
and enforcement of the SMP.  Because this is a publicly owned property, the engineering and institutional 
controls are expected to adequately manage long-term risk. 
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Implementability.  This alternative uses standard construction services that are readily available.  Access to 
the site is through residential neighborhoods.  Available options for transport of materials to the Facility include 
truck, rail, and barge.  Rail and barge and will be evaluated during design as a preference to trucks to reduce 
the disturbance to the neighborhood. Conducting upland cleanup at the same time as in-water work would 
greatly increase the feasibility of barging upland materials to the Facility. As the cost of using rail or barge in 
association with the in-water work is not possible to predict at this time, transport by truck is used for estimating 
costs. If trucks are used to transport materials, the project would require on the order of 5,800 truck trips 
through the neighborhood assuming 15 cy per truck and two trips per load.  The site has several stands of 
mature native species.  This alternative would remove these trees.  Excavation is generally compatible with 
any potential source control action or in-water remedy.   
 
Implementation Risk.  Implementation risks include potential impacts to the community, site workers, and 
the environment during implementation, summarized as follows. 

• Community – If trucks are used to transport materials, an estimated 5,800 truck trips would be 
required through the adjacent residential communities.  This brings noise and air pollution to this 
neighborhood.  Motor vehicle accidents, including the potential for vehicle/pedestrian or 
vehicle/bicycle accidents, are a possibility.  The use of rail or barge to transport cap materials onto 
the Facility would be preferred to mitigate these risks.   

• Site Workers – Risks to construction workers include physical hazards from heavy construction 
equipment and inhalation of dust.  These risks are readily addressed with engineering controls (e.g., 
high visibility gear, dust suppression) and personal protective gear.   

• Environment – Much of the Facility is covered with native plant communities including mature stands 
of madrone and poplar.  This alternative would remove these plant communities, and although native 
species would be replanted, it would be decades before these mature trees would be replaced.  
Equipment and trucks used for the work would be diesel powered, contributing greenhouse gases to 
the atmosphere.  If trucks are used to transport materials, assuming the landfill is located within 30 
miles and the soil borrow source is located within 10 miles of the site, the project would generate 
approximately 72,000 truck miles.  The use of rail or barge to transport cap materials onto the Facility 
would be preferred to mitigate these risks.  In addition, incorporation of Best Management Practices 
for Excavation and Surface Restoration for Green Remediation (EPA, 2008) will be incorporated as 
much as is practical for the project. 

 
Reasonableness of Cost.  Table 16 provides a detailed cost estimate for this alternative.  Costs include 
direct/indirect capital costs (e.g., design, permitting, construction), annual operation/maintenance costs, and 
costs of periodic reviews.  Costs are stated in terms of NPV assuming that capital costs are incurred in year 
zero.  Costs for this alternative are summarized as follows. 
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Capital $ 5,077,000 
Long-Term (NPV) $    443,000 
Contingency $    828,000 
Total (NPV) $ 6,348,000 

 
Treatment or Removal of Hot Spots.  This alternative addresses the non-dioxin/furan hot spots by complete 
removal to a controlled landfill.  The remaining hot spots are consolidated in one location beneath a cap.  
 
9.8 Alternative 4a – Focused Standard Excavation with Off-Site Disposal and 
Standard Cap  

Description.  For this alternative, soil in the non-dioxin/furan hot spot areas would be excavated and disposed 
of in an off-site landfill.  The final depth of excavation would be determined by verification sampling, but based 
on the analysis in Section 5.1.1, the excavation depth is assumed to be 1 foot.  It is assumed that the soil 
would not be a hazardous waste (based on sampling/evaluation conducted during the removal action).  If 
necessary, stabilization could be used as a supplemental technology to treat hazardous wastes to non-
hazardous conditions prior to disposal in a Subtitle D landfill; otherwise hazardous wastes would require 
disposal at a Subtitle C landfill.  Confirmation sampling would be completed to verify removal of the soil above 
the hot spot levels.  The excavations would be graded with on-site materials to maintain drainage generally 
consistent with current conditions.  Remaining on-site baseline risk would be managed with an engineered 
cap to prevent direct contact by both human and ecological receptors.  Figure 18 shows the removal areas 
and the proposed cap area.  Figure 21 presents representative excavation (Detail D) and cap (Detail A) cross-
sections.  In general, existing vegetation would be cleared to the ground surface.  Invasive species clearing 
would include removal of the roots and disposal in a Subtitle D landfill.  Trees would be recycled at a 
composting facility or reused on-site as mulch.  Roots and other debris below the ground surface would 
remain.  After the soil removal and site grading, two feet of clean, imported fill (6 inches of topsoil over 18 
inches of general fill) would be placed and the surface would be finished with native grasses, shrubs, and 
trees.  The concrete slab on the East Parcel would be incorporated into the final cap.  A temporary irrigation 
system would be required for at least the first growing season.  The cap would cover a total area of 
approximately 796,000 square feet for a total quantity of 58,900 cubic yards (98,700 tons).  The total area of 
the soil removal would be approximately 5,300 cubic yards (9,100 tons). 
 
Dust control and use of personal protective equipment for construction workers are included in this alternative.  
Operation and maintenance would include irrigation, cap inspection/repair, plant inspection and replacement, 
herbivory control, and invasive species control.  A minimum of five years of active inspection and maintenance 
is expected.  Long-term annual inspection would be required thereafter at least on an annual basis, but also 
after extreme weather events that may cause erosion or cap damage such as an uprooted tree or damage to 
future site infrastructure.  Protocols of how to address damage to the cap would be incorporated into the 
Facility SMP.    
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Institutional and engineering controls, including an SMP, signage, and designated pathways would be used 
indefinitely.  A deed restriction identifying the presence of the cap and contamination would be required. Metro 
will agree to place restrictions on property deeds that limit site uses to passive recreation activities.  
Restrictions to access will be implemented with a combination of signs, paved trails, and physical barriers 
such as railings and fencing.   
 
Protectiveness.  This alternative is protective of human and ecological receptors by preventing direct contact 
with soil containing COCs through a combination of removal of higher relative concentration material and 
prevention of direct contact with a cap.  In addition, the higher relative concentration materials would be 
removed from the site to a controlled landfill.  Signs, deed restrictions, and the SMP would assure this 
protectiveness in the long term. 
 
Effectiveness.  This alternative is effective because the non-dioxin/furan hot spots are removed off-site to a 
controlled landfill and the cap addresses remaining risks associated with direct contact, dust, or erosion.  A 
soil cap is effective in this case because the COCs have relatively low solubility so are immobile.  Long-term, 
there would be some mixing of cap and underlying soils resulting from activity of burrowing mammals.  The 
resulting mixing of the soils is not expected to result in surface soil concentrations that exceed PRGs.  
Because this is a publicly owned property, the engineering and institutional controls are expected to 
adequately manage long-term risk.  The alternative is estimated to require less than six months to construct 
and it would be protective immediately after implementation. 
 
Long-Term Reliability.  Disposal of the non-dioxin/furan hot spots has good long-term reliability because the 
landfill is a controlled disposal facility that is required to conduct long-term maintenance and monitoring.  The 
long-term reliability of this alternative requires maintenance of the cap, engineering and institutional controls, 
and enforcement of the SMP.  Because this is a publicly owned property, the engineering and institutional 
controls are expected to adequately manage long-term risk. 
 
Implementability.  This alternative uses standard construction services that are readily available.  Access to 
the site is through residential neighborhoods.  Available options for transport of materials to the Facility include 
truck, rail, and barge.  Rail and barge and will be evaluated during design as a preference to trucks to reduce 
the disturbance to the neighborhood. Conducting upland cleanup at the same time as in-water work would 
greatly increase the feasibility of barging upland materials to the Facility. As the cost of using rail or barge in 
association with the in-water work is not possible to predict at this time, transport by truck is used for estimating 
costs. Using trucks to transport cap materials would require on the order of 8,600 truck trips through the 
neighborhood assuming 15 cy per truck and two trips per load.  Conducting upland cleanup at the same time 
as in-water work would greatly increase the feasibility of barging upland materials to the Facility.  The site has 
several stands of mature native species.  This alternative would remove these trees.  An upland cap is 
generally compatible with any potential source control action or in-water remedy.   
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Implementation Risk.  Implementation risks include potential impacts to the community, site workers, and 
the environment during implementation, summarized as follows. 

• Community – If trucks are used to transport materials to the Facility, an estimated 8,600 truck trips 
would be required through the adjacent residential communities.  This brings noise and air pollution 
to this neighborhood.  Motor vehicle accidents, including the potential for vehicle/pedestrian or 
vehicle/bicycle accidents, are a possibility.  The use of rail or barge to transport cap materials onto 
the Facility would be preferred to mitigate risks of motor vehicle accidents and noise and air pollution 
from the transport of materials by truck.   

• Site Workers – Risks to construction workers include physical hazards from heavy construction 
equipment and inhalation of dust.  These risks are readily addressed with engineering controls (e.g., 
high visibility gear, dust suppression) and personal protective gear.   

• Environment – Much of the Facility is covered with native plant communities including mature stands 
of madrone and poplar.  This alternative would remove these plant communities, and although native 
species would be replanted, it would be decades before these mature trees would be replaced.  
Equipment and trucks used for the work would be diesel powered, contributing greenhouse gases to 
the atmosphere.  Assuming the landfill is located within 30 miles and the soil borrow source is located 
within 10 miles of the site, the project would generate approximately 100,000 truck miles.  The use 
of rail or barge to transport cap materials onto the Facility would be preferred to mitigate these risks.  
In addition, incorporation of Best Management Practices for Excavation and Surface Restoration for 
Green Remediation (EPA, 2008) will be incorporated as much as is practical for the project. 

 
Reasonableness of Cost.  Table 17 provides a detailed cost estimate for this alternative.  Costs include 
direct/indirect capital costs (e.g., design, permitting, construction), annual operation/maintenance costs, and 
costs of periodic reviews.  Costs are stated in terms of NPV assuming that capital costs are incurred in year 
zero.  Costs for this alternative are summarized as follows. 
 

Capital $ 4,674,000 
Long-Term (NPV) $    397,000 
Contingency $    761,000 
Total (NPV) $ 5,832,000 

 
Treatment or Removal of Hot Spots.  This alternative addresses the non-dioxin/furan hot spots by complete 
removal to a controlled landfill.  The dioxin/furan hot spots are not addressed. 
 
9.9 Alternative 4b – Focused Alternative Excavation with Off-Site Disposal 
and Amended Cap 

Description.  This alternative would consist of excavation of higher relative concentration soil for off-site 
disposal, placement of an amended soil cap, and restricting site access and use. 
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Soil in the non-dioxin/furan hot spot areas would be excavated and disposed of in an off-site landfill.  Within 
the drip line of designated trees, low impact excavation techniques, such as hand or vacuum excavation, 
would be used to remove soil to the maximum extent practicable without damaging the trees.  The final depth 
of excavation would be determined by verification sampling, but based on the analysis in Section 5.1.1, the 
excavation depth is assumed to be 1 foot.  It is assumed that the soil would not be a hazardous waste (based 
on sampling/evaluation conducted during the removal action).  If necessary, stabilization could be used as a 
supplemental technology to treat hazardous wastes to non-hazardous conditions prior to disposal in a Subtitle 
D landfill; otherwise hazardous wastes would require disposal at a Subtitle C landfill.  Confirmation sampling 
would be completed to verify removal of the soil above the hot spot levels.  The excavations would be graded 
with on-site materials to maintain drainage generally consistent with current conditions.   
 
Remaining ecological baseline risk would be managed with a 1-foot-thick amended soil cap.  The concrete 
slab on the East Parcel would be incorporated into the final cap.  The amended cap reduces ecological risk 
through multiple mechanisms.  First, it would immediately prevent direct contact with soil for many species 
such as birds, shallow rooted plants, and invertebrates.  Second, amendments in the soil reduce the 
bioavailability of the COCs.  Finally, over time, activity by burrowing animals would mix the cap material into 
the surface soil, reducing overall concentrations of the existing surface soil.  During the design phase, 
immobilization additives would be evaluated for use in the thin-layer cap.  For example, the addition of 
activated carbon in the cap material could reduce the bioavailability of HPAHs in the western ecological 
cleanup area or dioxins/furans throughout much of the Facility.  Amending soil with organic matter as a means 
to reduce toxicity by limiting bioavailability has been identified as an effective technology at contaminated sites 
(EPA, 2007). 
 
Institutional and engineering controls, including an SMP, signage, and designated pathways would be used 
indefinitely.  A deed restriction identifying the presence of the cap and contamination would be required. Metro 
will agree to place restrictions on property deeds that limit site uses to passive recreation activities.  
Restrictions to access will be implemented with a combination of signs, paved trails, and physical barriers 
such as railings and fencing.   
 
Figure 19 shows the removal areas and the proposed cap area.  Figure 21 presents representative excavation 
(Detail D) and cap (Detail B) cross-sections.  In general, existing vegetation would be completely cleared only 
in the removal areas outside of the drip lines of trees to be saved.  In the cap areas, shrubs/grasses would be 
closely mowed, and invasive species would be removed (disposed in an off-site landfill), but native trees would 
remain.  Excavation and amended cap placement would be conducted in consultation with an arborist so as 
to not endanger larger trees.  After placement of the amended cap, the surface would be finished with native 
grasses, shrubs, and trees.  A temporary irrigation system would be required for at least the first growing 
season.  The cap would cover a total area of approximately 746,000 square feet for a total quantity of 27,600 
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cubic yards (47,000 tons).  The total area of the soil removal would be approximately 5,300 cubic yards (9,100 
tons). 
 
Dust control and use of personal protective equipment for construction workers are included in this alternative.  
Operation and maintenance would include irrigation, cap inspection/repair, plant inspection and replacement, 
herbivory control, and invasive species control.  A minimum of five years of active inspection and maintenance 
is expected.  Long-term annual inspection would be required thereafter at least on an annual basis, but also 
after extreme weather events that may cause erosion or cap damage such as an uprooted tree or damage to 
future site infrastructure.  Protocols of how to address damage to the cap would be incorporated into the 
Facility SMP.    
 
Protectiveness.  This alternative is protective of human and ecological receptors through a combination of 
removal of higher relative concentration material, short-term prevention of direct contact through caps and 
engineering controls, and long-term reduction of toxicity though immobilization and/or mixing of impacted soil 
with cap materials.  Signs, deed restrictions, and the SMP would assure this protectiveness in the long term.  
There is uncertainty in the overall protectiveness of the 1-foot-thick amended cap. 
 
Effectiveness.  This alternative is effective because the non-dioxin/furan hot spots are removed off-site to a 
controlled landfill and the amended cap addresses remaining risks associated with direct contact or dust.  An 
amended soil cap is effective in this case because the COCs have relatively low solubility so are immobile.  
Long term, there would be mixing of cap and underlying soils resulting from activity of burrowing mammals.  
The resulting mixing of the soils is not expected to result in surface soil concentrations that exceed PRGs.  
There is uncertainty in the overall effectiveness of the 1-foot-thick amended cap.  Because this is a publicly 
owned property, the engineering and institutional controls are expected to adequately manage long-term risk.  
The alternative is estimated to require less than six months to construct and it would be protective immediately 
after implementation. 
 
Long-Term Reliability.  Disposal of the non-dioxin/furan hot spots has good long-term reliability because the 
landfill is a controlled disposal facility that is required to conduct long-term maintenance and monitoring.  The 
long-term reliability of this alternative requires engineering and institutional controls and enforcement of the 
SMP.  Because this is a publicly owned property, the engineering and institutional controls are expected to 
adequately manage long-term risk.  Because this alternative assumes that natural processes will mix the soil 
and cap material, there is not a need for reliance on long-term cap maintenance. 
 
Implementability.  This alternative uses standard construction services that are readily available.  Access to 
the site is through residential neighborhoods. Available options for transport of materials to the Facility include 
truck, rail, and barge.  Rail and barge and will be evaluated during design as a preference to trucks to reduce 
the disturbance to the neighborhood. Conducting upland cleanup at the same time as in-water work would 
greatly increase the feasibility of barging upland materials to the Facility. As the cost of using rail or barge in 
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association with the in-water work is not possible to predict at this time, transport by truck is used for estimating 
costs.  The project would require on the order of 4,400 truck trips through the neighborhood assuming 15 cy 
per truck and two trips per load.  The site has several stands of mature native species.  This alternative 
maintains these trees and much of the natural habitat.  An upland cap is generally compatible with any 
potential source control action or in-water remedy.   
 
Implementation Risk.  Implementation risks include potential impacts to the community, site workers, and 
the environment during implementation, summarized as follows. 

• Community – If trucks are used to transport materials to the Facility, an estimated 4,400 truck trips 
would be required through the adjacent residential communities.  This brings noise and air pollution 
to this neighborhood.  Motor vehicle accidents, including the potential for vehicle/pedestrian or 
vehicle/bicycle accidents, are a possibility.  The use of rail or barge to transport cap materials onto 
the Facility would be preferred to mitigate risks of motor vehicle accidents and noise and air pollution 
from the transport of materials by truck.   

• Site Workers – Risks to construction workers include physical hazards from heavy construction 
equipment and inhalation of dust.  These risks are readily addressed with engineering controls (e.g., 
high visibility gear, dust suppression) and personal protective gear.   

• Environment – This alternative would carry low risk to native plant communities.  Equipment and 
trucks used for the work would be diesel powered, contributing greenhouse gases to the atmosphere.  
Assuming the landfill is located within 30 miles and the soil borrow and amendment sources are 
located within 10 miles of the site, the project would generate approximately 58,000 truck miles.  The 
use of rail or barge to transport cap materials onto the Facility would be preferred to mitigate these 
risks.  In addition, incorporation of Best Management Practices for Excavation and Surface 
Restoration for Green Remediation (EPA, 2008) will be incorporated as much as is practical for the 
project. 

 
Reasonableness of Cost.  Table 18 provides a detailed cost estimate for this alternative.  Costs include 
direct/indirect capital costs (e.g., design, permitting, construction), annual operation/maintenance costs, and 
costs of periodic reviews.  Costs are stated in terms of NPV assuming that capital costs are incurred in year 
zero.  Costs for this alternative are summarized as follows. 
 

Capital $ 3,882,000 
Long-Term (NPV) $    353,000 
Contingency $    635,000 
Total (NPV) $ 4,870,000 

 
Treatment or Removal of Hot Spots.  This alternative addresses the non-dioxin/furan hot spots by complete 
removal to a controlled landfill.  Dioxin/furan hot spots are not addressed. 
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9.9 Alternative 4c – Focused Alternative Excavation with Off-Site Disposal, 
On-Site Consolidation, and Cap  

Description.  For this alternative, soil risk would be addressed through removal of non-dioxin/furan hot spots 
to an off-site landfill; consolidation and capping of remaining soil exceeding human health risk levels; and 
capping of remaining soil exceeding ecological risk levels. 
 
Soil in the non-dioxin/furan hot spot areas would be excavated and disposed of in an off-site landfill.  The final 
depth of excavation would be determined by verification sampling, but based on the analysis in Section 5.1.1, 
the excavation depth is assumed to be 1 foot.  It is assumed that the soil would not be a hazardous waste 
(based on sampling/evaluation conducted during the removal action). If necessary, stabilization could be used 
as a supplemental technology to treat hazardous wastes to nonhazardous conditions prior to disposal; 
otherwise hazardous wastes would require disposal at a Subtitle C landfill.  The total area of the soil removal 
for off-site disposal would be approximately 5,300 cubic yards (9,100 tons). 
 
Remaining soil above human health risk levels would be excavated and  placed in an on-site soil consolidation 
area.  The final depth of excavation would be determined by verification sampling.  Excavation depths to 
achieve PRGs are evaluated in Section 5.1.1.  For this alternative, soil would be removed to achieve human 
health risk levels, so the depth would be less than the depths shown in Section 5.1.1.  It was assumed that 
excavation depths would be reduced by 0.5-1 feet:  the excavation depth was assumed to be 1.5 feet for the 
West Parcel, 2 feet for the west end of the Central Parcel, and 0.5 foot for the east end of the Central Parcel 
and East Parcel. The soil excavated and placed in the consolidation area would include all remaining 
ecological hot spots resulting from dioxin/furans.  The total area of the excavation would be approximately 
537,000 square feet for a total quantity of 20,000 cubic yards (34,000 tons).  The total area of the soil 
consolidation area is 80,000 square feet.  The two-foot cap on the consolidation area (6 inches topsoil over 
18 inches of general fill) would require a total quantity of 6,000 cubic yards (10,000 tons) of fill.  Figures 20 
and 21 show the areas targeted for excavation and on-site consolidation and representative excavation cross-
sections. 
 
Any remaining areas exceeding ecological risk levels would be capped.  The cap thickness would be a 
minimum of 1 foot and a maximum of 2 feet depending on the remaining risk. The exceedance ratio of 
confirmation samples will be used to assess risk.  A decision matrix is presented on Figure 22. This matrix 
would be used to guide remedial actions in this alternative. The exceedance ratio used to decide the thickness 
of the cap would be assessed during remedial design. The total area of cap would be approximately 620,000 
square feet for a total quantity of 27,600 cubic yards (47,000 tons) assuming 80 percent with a 1-foot cap and 
20-percent with a 2-foot cap.  Figures 20 and 21 show the areas targeted for cap placement and representative 
cross-sections. 
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For any excavation within the drip line of designated trees, low impact excavation techniques, such as hand 
or vacuum excavation, would be used to remove soil to the maximum extent practicable without damaging 
the trees.  Excavation would be conducted in consultation with an arborist so as to not endanger larger trees.  
Remaining areas would be excavated using standard excavation techniques.  Excluding designated trees to 
be saved, existing vegetation would be cleared to the ground surface.  Invasive species clearing would include 
removal of the roots and disposal in a Subtitle D landfill.  Non-native trees would be recycled at a composting 
facility or re-used on-site as mulch.  Roots and other debris below the ground surface would be excavated 
with the soil.   
 
The surface of the consolidation area and cap would be finished with native grasses, shrubs, and trees.  A 
temporary irrigation system would be required for at least the first growing season.   
 
Institutional and engineering controls, including an SMP, signage, and designated pathways would be used 
indefinitely.  A deed restriction identifying the presence of the soil consolidation area, cap, and contamination 
would be required. Metro will agree to place restrictions on property deeds that limit site uses to passive 
recreation activities.  Restrictions to access will be implemented with a combination of signs, paved trails, and 
physical barriers such as railings and fencing.   
 
Dust control and use of personal protective equipment for construction workers are included in this alternative.  
Operation and maintenance would include irrigation, cap inspection/repair, plant inspection and replacement, 
herbivory control, invasive species control, and long-term monitoring.  A minimum of five years of active 
inspection and maintenance is expected.  Long-term annual inspection would be required thereafter at least 
on an annual basis, but also after extreme weather events that may cause erosion or cap damage such as an 
uprooted tree or damage to future site infrastructure.  Protocols of how to address damage to the cap would 
be incorporated into the Facility SMP.   
 
Protectiveness.  This alternative is protective of human and ecological receptors by preventing direct contact 
with soil containing COCs through a combination of removal of higher relative concentration material, 
consolidating soil exceeding human health risk levels where it can be capped and maintained efficiently, and 
capping remaining areas with moderate ecological risk.  The higher relative concentration materials would be 
removed from the site to a controlled landfill.  For the capped areas, signs, deed restrictions, and the SMP 
would assure this protectiveness in the long term.   
 
Effectiveness.  Capping is a very effective means to address risks associated with direct contact, dust, or 
erosion.  A soil cap is effective in this case because the COCs have relatively low solubility so are immobile.  
In addition, the non-dioxin/furan hot spots are removed off-site to a controlled landfill.  Long term, there would 
be some mixing of cap and underlying soils resulting from activity of burrowing mammals, but the resulting 
mixing of the soils is not expected to result in surface soil concentrations that exceed PRGs.  Because this is 
a publicly owned property, the engineering and institutional controls are expected to adequately manage long-
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term risk.  The alternative is estimated to require less than six months to construct and it would be protective 
immediately after implementation. 
 
Long-Term Reliability.  The long-term reliability of this alternative requires maintenance of the cap, 
engineering and institutional controls, and enforcement of the SMP.  Because this is a publicly owned property, 
the engineering and institutional controls are expected to adequately manage long-term risk.   
 
Implementability.  This alternative uses standard construction services that are readily available.  Access to 
the site is through residential neighborhoods.  Available options for transport of materials to the Facility include 
truck, rail, and barge.  Rail and barge and will be evaluated during design as a preference to trucks to reduce 
the disturbance to the neighborhood. Conducting upland cleanup at the same time as in-water work would 
greatly increase the feasibility of barging upland materials to the Facility. As the cost of using rail or barge in 
association with the in-water work is not possible to predict at this time, transport by truck is used for estimating 
costs. If trucks are used to transport materials, the project would require on the order of 4,500 truck trips 
through the neighborhood assuming 15 cy per truck and two trips per load. The site has several stands of 
mature native species.  This alternative would save these trees.  Excavation is generally compatible with any 
potential source control or in-water remedy. This alternative uses standard construction services that are 
readily available.   
 
Implementation Risk.  Implementation risks include potential impacts to the community, site workers, and 
the environment during implementation, summarized as follows. 

• Community – If trucks are used to transport materials, an estimated 4,500 truck trips would be 
required through the adjacent residential communities.  This brings noise and air pollution to this 
neighborhood.  Motor vehicle accidents, including the potential for vehicle/pedestrian or 
vehicle/bicycle accidents, are a possibility.  The use of barge to transport cap materials onto the 
Facility would be preferred to mitigate these risks.   

• Site Workers – Risks to construction workers include physical hazards from heavy construction 
equipment and inhalation of dust.  These risks are readily addressed with engineering controls (e.g., 
high visibility gear, dust suppression) and personal protective gear.   

• Environment – This alternative would carry low risk to native plant communities.  Equipment and 
trucks used for the work would be diesel powered, contributing greenhouse gases to the atmosphere.  
Assuming the landfill is located within 30 miles and the soil borrow sources are located within 10 
miles of the site, the project would generate approximately 59,000 truck miles.    The use of rail or 
barge to transport cap materials onto the Facility would be preferred to mitigate these risks.  In 
addition, incorporation of Best Management Practices for Excavation and Surface Restoration for 
Green Remediation (EPA, 2008) will be incorporated as much as is practical for the project. 
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Reasonableness of Cost.  Table 19 provides a detailed cost estimate for this alternative.  Costs include 
direct/indirect capital costs (e.g., design, permitting, construction), annual operation/maintenance costs, and 
costs of periodic reviews.  Costs are stated in terms of NPV assuming that capital costs are incurred in year 
zero.  Costs for this alternative are summarized as follows. 
 

Capital $ 4,545,000 
Long-Term (NPV) $    407,000 
Contingency $    743,000 
Total (NPV) $ 5,695,000 

 
Treatment or Removal of Hot Spots.  This alternative addresses the non-dioxin/furan hot spots by complete 
removal to a controlled landfill.  This alternative addresses dioxin/furan hot spots by consolidation and capping 
in a controlled area. 
 

10.0  Comparative Evaluation of Remedial Action 
Alternatives 

This section of the FS presents an evaluation of the remedial action alternatives relative to one another.  A 
summary of the components included in each alternative is presented on Table 20. Table 21 presents a 
summary of the alternative evaluations presented in Section 9.  Table 22 shows a one-to-one assessment of 
the relative merits of each alternative for each of the evaluation criteria.  For the Balancing Factors, each 
alternative was ranked favorable (+), equal (0) or unfavorable (-) in relation to every other alternative for each 
of the evaluation criteria.  The rankings of (+), (0), or (-) were given a score of 1, 0, or -1, respectively.  The 
scores are totaled in the right-hand column of Table 22 for each alternative, and the alternatives are ranked.  
The following discussion, as supported by the summaries in Table 21, provides the rationale for the 
comparative evaluation presented in Table 22.  
 
10.1  Protectiveness 

This criterion is pass/fail.  An alternative must be protective as defined by OAR 340-122-040 to be acceptable.  
With the exception of the No Action alternative, each of the remedial action alternatives is protective of human 
health and the environment.  The alternatives were not scored based on this criterion, but protectiveness was 
considered when ranking the alternatives in the right-hand column of Table 22.     
 
10.2  Effectiveness 

Except for Alternatives 1 and 2b, each of the alternatives provides good to excellent effectiveness.  Alternative 
1 is not effective.  For Alternative 2b, because the higher concentration material is not removed, there is some 
uncertainty in the effectiveness of the amended cap in those areas.  In general, off-site disposal was ranked 
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more effective than capping or on-site disposal because of better control of the impacted soil.  For capping 
alternatives, smaller cap areas and thicker caps were deemed to be more effective.  Therefore, the 
alternatives were ranked from most to least effective as follows: 

• Alternative 3a - Standard Excavation with Off-Site Disposal; 

• Alternative 3b - Alternative Excavation with Off-Site Disposal; 

• Alternative 3d - Standard Excavation with Off-Site Disposal and On-Site Consolidation; 

• Alternative 3c - Standard Excavation with On-Site Consolidation and 4c - Focused Alternative 
Excavation with Off-Site Disposal, On-Site Consolidation, and Cap; 

• Alternative 4a - Focused Standard Excavation with Off-Site Disposal and Cap; 

• Alternative 4b - Focused Alternative Excavation with Off-Site Disposal and Amended Cap; 

• Alternative 2a - Standard Cap; 

• Alternative 2b - Amended Cap; and 

• Alternative 1 – No Action. 
 
10.3  Long-Term Reliability 

For long-term reliability, off-site controlled landfill disposal was deemed to be more reliable.  For capping 
alternatives, alternatives that included removal were assumed more reliable, and alternatives that included 
thicker caps were considered more reliable.  For capping alternatives that did not include removal, smaller 
cap areas were assumed more reliable.  Other things being equal, alternatives that required less long-term 
maintenance were assumed to be more reliable.  Therefore, the alternatives were ranked from highest to 
lowest for long-term reliability as follows: 

• Alternative 3a - Standard Excavation with Off-Site Disposal; 

• Alternative 3d - Standard Excavation with Off-Site Disposal and On-Site Consolidation; 

• Alternative 3b - Alternative Excavation with Off-Site Disposal; 

• Alternative 3c - Standard Excavation with On-Site Consolidation and 4c - Focused Alternative 
Excavation with Off-Site Disposal, On-Site Consolidation, and Cap; 

• Alternative 4a - Focused Standard Excavation with Off-Site Disposal and Cap; 

• Alternative 4b - Focused Alternative Excavation with Off-Site Disposal and Amended Cap; 

• Alternative 2a - Standard Cap; 

• Alternative 2b - Amended Cap; and 

• Alternative 1 – No Action. 
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10.4  Implementability 

Alternative 1 was considered the most easily implemented remedial action.  The remaining alternatives use 
similar equipment and techniques, are similarly compatible with other actions, have similar periods of 
construction, but have differing levels of transportation requirements and impacts.  The ability to implement 
these alternatives is assumed to be directly related to transportation impacts.  Alternatives with fewer 
transportation impacts (using material quantities and truck trips/miles as surrogates for impact; actual 
transportation methods will be evaluated during design) were assumed to be more implementable.  Based on 
these criteria, the alternatives were ranked from most to least implementable as follows: 

• Alternative 1 – No Action; 

• Alternative 2b - Amended Cap; 

• Alternative 4b - Focused Alternative Excavation with Off-Site Disposal and Amended Cap; 

• Alternative 4c - Focused Alternative Excavation with Off-Site Disposal, On-Site Consolidation, and 
Cap; 

• Alternative 3c - Standard Excavation with On-Site Consolidation;  

• Alternative 3d - Standard Excavation with Off-Site Disposal and On-Site Consolidation; 

• Alternative 2a - Standard Cap; 

• Alternative 4a - Focused Standard Excavation with Off-Site Disposal and Cap; 

• Alternative 3b - Alternative Excavation with Off-Site Disposal; and 

• Alternative 3a - Standard Excavation with Off-Site Disposal. 
 
10.5  Implementation Risk 

Alternative 1 carries no implementation risk.  Alternatives with greater material quantities carry greater risk 
from dust, vehicle accidents, noise/pollution, destruction of habitat, and generation of greenhouse gases and 
therefore rank lower.  Alternatives were generally ranked based on truck trips/truck miles as a surrogate for 
material transportation impacts (higher-ranked alternatives having fewer trips/miles), quantities of earthwork 
(lower quantities rank higher), and impacts to Site habitat (less destruction ranked higher).  Alternatives were 
ranked from least to most implementation risk as follows: 

• Alternative 1 – No Action; 

• Alternative 2b - Amended Cap; 

• Alternative 4b - Focused Alternative Excavation with Off-Site Disposal and Amended Cap; 

• Alternative 4c - Focused Alternative Excavation with Off-Site Disposal, On-Site Consolidation, and 
Cap; 
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• Alternative 3c - Standard Excavation with On-Site Consolidation; 

• Alternative 3d - Standard Excavation with Off-Site Disposal and On-Site Consolidation; 

• Alternative 2a - Standard Cap; 

• Alternative 4a - Focused Standard Excavation with Off-Site Disposal and Cap; and 

• Alternative 3b - Alternative Excavation with Off-Site Disposal  

• Alternative 3a - Standard Excavation with Off-Site Disposal. 
 
10.6  Reasonableness of Cost 

The following summarizes the present-worth total cost estimates for each alternative listed from least to most 
costly.   

• Alternative 1 – No Action:  $ 0; 

• Alternative 2b - Amended Cap – $ 3.9 million; 

• Alternative 4b - Focused Alternative Excavation with Off-Site Disposal and Amended Cap –                     
$ 4.9 million; 

• Alternative 2a - Standard Cap – $ 5.2 million 

• Alternative 4c - Focused Alternative Excavation with Off-Site Disposal, On-Site Consolidation, and 
Cap - $5.7 million; 

• Alternative 4a - Focused Standard Excavation with Off-Site Disposal and Cap – $ 5.8 million; 

• Alternative 3c - Standard Excavation with Off-Site Disposal – $ 5.9 million; 

• Alternative 3d - Standard Excavation with Off-Site Disposal and On-Site Consolidation – 6.3 million; 

• Alternative 3b - Alternative Excavation with Off-Site Disposal – $ 8.5 million; and 

• Alternative 3a - Standard Excavation with Off-Site Disposal – $ 8.9 million. 
 

10.7  Treatment or Removal of Hot Spots 

Hot spots resulting from high concentrations of metals, PAHs, dibenzofuran, and dioxin/furan TEQ are present 
on the Facility.  Except for dioxin/furan TEQ, hots spots are limited to approximately 15 percent of the total 
area of the facility.  Ecological dioxin/furan TEQ hot spots are present throughout the Facility.  Historically, 
higher concentrations of dioxins/furans and other COCs were present on the Facility and were the focus of 
the 2015 removal action.  The majority of human health dioxin/furan hot spots were removed during the 2015 
removal action.  In considering the distribution of hot spots on the Facility qualitatively, it appears practicable 
to remove the hot spots resulting from all COCs except dioxins/furans.  Removal of the widespread ecological 
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dioxins/furans would be warranted only in the event that a full removal alternative is ranked relatively highly 
in the comparative analysis. 
 
The alternatives evaluated in detail included nine active alternatives that considered a range of hot spot 
removal:  three alternatives included no hot spot removal; four alternatives included removal of approximately 
15 percent of the hot spots, and one alternative each included removal of 90 percent and 100 percent of the 
hot spot. 
 
Consistent with DEQ rules, when evaluating the feasibility of hot spot treatment/removal, we considered the 
balancing factors listed in Section 6.2 using a higher threshold for cost reasonableness.  The comparative 
analysis using the balancing factors is summarized in Table 22.  Including cost in the analysis, the higher-
ranking alternatives (4c and 4b) included removal of approximately 15 percent of the hot spots.  Considering 
the comparative analysis without consideration of cost, the higher-ranking alternatives were 4c and 3d.  Again, 
these alternatives include removal of approximately 15 percent of the hot spots.  These results support partial 
removal of the hot spots. 
 
Finally, rankings for the balancing factors for the alternative that removes all of the hot spots (Alternative 3a), 
were considered.  As expected, that alternative ranked highly for effectiveness and long-term reliability (ranked 
first in both categories), but the alternative ranked last in both implementability and implementation risk, 
resulting from significant impacts to the community and environment relative to other alternatives. 
 

11.0  Recommended Upland Remedy 

11.1  Recommended Remedy 

The detailed evaluations in Sections 9 and 10 are summarized in Tables 21 and 22.  The results show that 
higher-ranked alternatives (4c, 4b, 2b, and 3d) collectively use a greater variety of technologies to focus more 
active approaches on the areas of greater risk.  In contrast, the lower ranked alternatives (3b, 3a, 4a, and 2a), 
are characterized by simple actions applied across the Facility (e.g., excavation/off-site disposal or capping).  
The overall highest ranked alternative, 4c, incorporates the greatest variety of technologies.  Considering the 
detailed evaluation and the comparative analysis, Alternative 4c is the best over upland remedy. Alternative 
4c is recommended for the following reasons.   

• The remedy is protective of human health and the environment through a combination of removal of 
higher relative concentration material for off-site disposal, consolidation of moderate concentration 
material beneath a cap, and capping in-place lower relative concentration material. 

• The long-term protection is assured by limiting site use through institutional and engineering controls, 
site inspections, and cap maintenance as needed.   
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• The remedy has the overall highest relative ranking when considering the balancing factors on an 
equal weighting, and it has the highest ranking when cost is not considered. 

• The remedy removes hot spots to a controlled landfill to the extent practicable. 
 
11.2  Permit or Permit Exemption Requirements 

The recommended upland remedies consist primarily of earthwork activities.  The work will include tree 
removal, where necessary, and excavation and/or filling.  Earthwork activities will impact an area of greater 
than one acre.  A grading permit (or permit exemption) from the City of Portland will be required to complete 
the upland work.  Because work will be conducted adjacent to the top of bank, city permitting will include 
requirements associated with Greenway review.  A construction stormwater permit will be needed to address 
runoff of stormwater during implementation of the remedy.  No other permits are anticipated to be required. 
 
11.3  Residual Risk Assessment 

The residual risks were evaluated to assess the projected level of health and/or ecological risk that is 
anticipated if the recommended alternative is implemented.  Assessment of residual risk is intended to assist 
risk managers in determining whether a remedial action plan will result in acceptable risk.  The residual risk 
assessment includes the following: 

• A semi-quantitative estimate of the risk to receptors following implementation of the remedy; 

• A semi-quantitative estimate of the risk managed by the cap, institutional controls, and engineering 
controls; and 

• A qualitative evaluation of the reliability of the cap and controls to manage long-term residual risk. 
 
Semi-Quantitative Residual Risk.  Table 23 summarizes residual risk estimates using exceedance ratios as 
a surrogate for risk.  The top section of Table 23 lists the maximum exceedance ratio for each COC for each 
applicable receptor for the upland area (above top of bank) 1 prior to any remedial action (essentially a 
surrogate for baseline risk).  The majority of the on-site risk is represented by dioxin/furan TEQ and mercury 
with significant contributions from dibenzofuran, PAHs, and other metals.  Exceedance ratios range up to 425 
for ecological receptors and 173 for human health.  Hot spots are present for both human and ecological 
receptors. 
 
The middle section of Table 23 lists maximum exceedance ratios remaining on the site after removal of non-
dioxin/furan hot spots but prior to consolidation of remaining soil exceeding human health PRGs.  This 
represents the residual risk that is managed by the capped consolidation area.  Residual risk in soil within the 
consolidation area is summarized as follows. 

                                                           
1 The maximum values in Table 23 may differ from the maximum values in Tables 3 and 5 because the screening shown 
in Tables 3 and 5 include data from the riverbank, but Table 23 does not. 
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• Maximum human health exceedance ratios would be less than 100. 2  There would be no human 
health hot spots.   

• Maximum ecological exceedance ratios would be less than 250.  This corresponds to an assumed 
dioxin/furan TEQ concentration of 0.001 mg/kg remaining after the 2015 removal action.  Ecological 
hot spots would be present. 

 
The bottom section of Table 23 lists the maximum exceedance ratios remaining on the site after removal of 
soil exceeding human health PRGs.  This represents the risk managed by the cap outside of the consolidation 
area.  Residual risk managed by the cap outside of the consolidation area is summarized as follows. 

• Maximum human health exceedance ratios would be less than one.  Human health risk would be 
acceptable in this area.   

• Maximum ecological exceedance ratios would range up to 3.5.  There would be no ecological hot 
spots in this area.  Unacceptable risk managed by the cap would be present from lead (plants, birds, 
mammals), nickel (plants, mammals), zinc (plants, invertebrates, mammals), PCBs (mammals), and 
dioxin/furan TEQ (mammals).  Given the relatively low maximum exceedance ratios, it is likely that 
risks to birds and mammals in this area would be acceptable if evaluated on an exposure unit basis. 

 
Qualitative Evaluation of Proposed Remedy to Manage Residual Risk.  In general, the remedy is very 
effective at managing residual risks over the long term.  The highest relative concentration materials would 
be removed from the Facility and disposed of in an off-site permitted landfill.  Consolidation of the remaining 
relatively higher concentration soil  assures that the long-term inspection and maintenance will successfully 
manage the risk.  The remaining areas would have only ecological risk with maximum risk ratios in the range 
of 1 to 4.  A one-foot-thick cap will effectively manage that risk even without long-term maintenance.  Long-
term, mixing of the cap with underlying soil will maintain overall concentrations below PRGs in near-surface 
soil.  This publicly-owned space is well-suited to effectively implementing the inspection, monitoring, and 
maintenance needed. 
 
 

                                                           
2 Exceedance ratios for existing data outside the removal areas are 10 or less.  For purpose of the risk discussion, it was 
assumed that confirmation sampling of hot spot excavations would include sample results that are just below hot spot 
levels for BaP Eq.  This would yield an exceedance ratio slightly under 100.  Additionally, the 2015 removal action 
removed soil with dioxin/furan TEQ exceeding 0.001 mg/kg.  It was assumed that after the hot spot removal, some soil 
would remain on the Facility with dioxin/furan TEQ concentrations near 0.001 mg/kg.  The corresponding exceedance 
ratios for each receptor were calculated assuming that concentration of dioxin/furan TEQ. 
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Table 1
Summary of Previous Investigations
Willamette Cove Upland Facilit
Portland, Oregon

Parcel(s) Sampling Method Media Analysis

West, Central, East Composite Soil TPH, PAHs, SVOCs, PCBs, Metals, VOCs, Pesticides, 
Phenols, Formaldehyde, TOC

West, Central, East Discrete Soil TPH, PAHs, SVOCs, PCBs, Metals, VOCs, Pesticides, 
Phenols, Formaldehyde, TOC

West, Central, East Composite Soil PAHs, PCBs, Metals

West, Central, East Discrete Soil PAHs, PCBs, 

Central, East Discrete Soil PCBs

West, Central, East Composite Soil TPH, PAHs, PCBs, Metals, Butyltins, Dioxins/Furans

West, Central, East Discrete Soil TPH, PAHs, PCBs, Metals, VOCs, Dioxins/Furans

Central ISM Soil Dioxins/Furans

West, Central, East ISM Soil PAHs, Metals, Dioxins/Furans

West, Central Discrete Soil PAHs, Metals 

Central Composite Soil Dioxins/Furans

Central Discrete Soil Mercury, Dioxins/Furans

West, Central Discrete Soil PAHs, SVOCs, Metals, Dioxins/Furans

West, Central Composite Soil PAHs, PCBs, SVOCs, Metals, Dioxins/Furans

West Composite Soil PAHs, SVOCs, PCBs, VOCs, Dioxin/Furans

West, Central, East Grab Groundwater TPH, PAHs, SVOCs, PCBs, Metals, VOCs, Halides, 
Pesticides, Phenols, Formaldehyde

West, Central, East Grab Groundwater TPH, PAHs, Metals, VOCs

West, Central, East Grab Groundwater
TPH, PAHs, SVOCs, PCBs, Metals, VOCs, Pesticides, 
Dioxins/Furans, TOC, Sulfate/Sulfide, Nitrate-Nitrite 
Nitrogen, Arsenic III/Arsenic V 

Notes:
1. ISM = Incremental Sampling Methodology
2. PAHs = Polycyclic Aromatic Hydrocarbons
3. PCBs = Polychlorinated Biphenyls.
4. SVOCs = Semi-volatile Organic Compounds
5. TPH = Total Petroleum Hydrocarbons
6. TPH = Total Petroleum Hydrocarbons
7. VOCs = Volatile Organic Compounds

Remedial Investigation, Willamette Cove, March 2003 (includes historical data)

Groundwater Monitoring Report, November 2005 and April 2006.

December 2016 Groundwater Data Report, May 2017

Surface Soil Sampling Results - Former Wharf Road Area, October 2012

Incremental Surface Soil Sampling Results, March 2014

Surface Soil Sampling - Remedial Design, May 2014

Surface Soil Sampling Results - DU-6, June 2014

Vertical Soil Characterization Results, April 2015

Removal Action Completion Report, May 2016

DU-5-COMP-5-1 to DU-5-COMP-5-6,                      DU-6-
COMP-1-1 to DU-6-COMP-8-6

WC-SSC - WC-SSK

HA, TB, SE/E, Hahn, TP-1 to TP-40, B, SS, SR  

HA, TB, SE/E, A, B

Sample Series
Remedial Investigation, Willamette Cove, March 2003 (includes historical data)

Riverbank Soil Sampling Results, May 2006

December 2016 Groundwater Data Report, May 2017

WC-1 Surface to WC-3 Surface, WC-SSO-1 to WC-SSO-
4, WC-SSS-1, WC-SSS-2, WC-SST-1, WC-SST-2

WC-1/2/3, WC-4 to WC-8, WC-SSC-1, WC-SSL-1,    WC-
SSL-2, WC-SSM to WC-SSY, WC-SSV-2

WC-SSH-A to WC-SSH-H, WC-SSH-SHS1,               WC-
SSH-SHS2

WC-SSA, WC-SSB, WC-SSE-1 to WC-SSE-4,          WC-
SSH-1 to WC-SSH-4

Riverbank Soil Sampling Addendum, October 2006

Source Control Sampling Results, May 2011

MW-1 to MW-9, DP-1 to DP-5

MW-1 to MW-7

DU-4 to DU-7

DU-1 to DU-3

DU-6-COMP-1 to DU-6-COMP-8

Area-1-1 to Area-6-16

TB, SE/E, MW-35s, B, HA, MW-1 to MW-7

DP-1 to DP-5, Saturated Soil Fill

Area-2-10, Area-2-14, Area-3-3, Area-6-6, Area-6-9, Area-
6-17, DU-6-COMP-5-3, DU-6-COMP-5-6

RA1-RA3, RA5, RA6
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Table 2
Upland Soil Preliminary Remediation Goals and Oregon High Concentration Hot Spot Values – Ecological Receptors
Willamette Cove Upland Facilit
Portland, Oregon

Screening 
Level Hot Spot Screening 

Level Hot Spot RBC Hot Spot RBC Hot Spot PRG Hot Spot PRG Hot Spot

Antimony 5 50 78 780 -- -- 2.7 27 2.7 27 2.7 27
Arsenic 18 180 -- -- -- -- -- -- 18 180 18 180

Chromium 1 10 0.4 4 -- -- -- -- 76 76 39 39
Copper 70 700 80 800 87.7 877 82 820 70 700 70 700

Lead 120 1,200 1,700 17,000 33 330 122 1,220 79 330 33 330
Mercury 0.3 3 0.1 1 0.015 0.15 3.53 35.3 0.23 0.23 0.073 0.15

Nickel 38 380 280 2800 -- -- 20 200 47 200 23 200
Selenium 0.52 5.2 -- -- -- -- -- -- 0.71 5.2 0.52 5.2

Zinc 160 1,600 120 1,200 -- -- 201 2010 180 1,200 120 1,200
Total HPAH -- -- 18 180 -- -- 5.6 56 5.6 56 5.6 56
Total LPAH -- -- 29 290 -- -- -- -- 29 290 29 290

Dibenzofuran -- -- -- -- -- -- 0.01 0.10 0.01 0.1 0.01 0.1
Total PCBs 40 400 -- -- 0.734 7.34 0.098 0.98 0.098 0.98 0.098 0.98

Dioxin/Furan TEQ -- -- -- -- 8.90E-05 8.90E-04 6.10E-06 6.10E-05 6.10E-06 6.10E-05 6.10E-06 6.10E-05
Notes:

1.  RBC = Risk Based Concentration

2.  PRG = Preliminary Remediation Goal

3.  ISM = Incremental Sampling Methodology

4.  mg/kg = milligrams per kilogram

5.  HPAH = high molecularl weight polycyclic aromatic hydrocarbons

6.  LPAH = low molecular weight polycyclic aromatic hydrocarbons

7.  PCBs = polychlorinated biphenyls

8.  Dioxin/Furan TEQ = 2,3,7,8-TCDD toxicity equivalent

8.  Upland Soil includes all samples located within the site boundary above mean high water

9.  Data screened against ecological screening levels includes samples from the surface to three feet below the surface. 

Concentration in mg/kg

Ecological PRGs

Plant Invertebrate Birds Mammal
Sample Type

Discrete/Composite ISM
Chemical of 

Concern 

Receptor Specific Screening Levels and RBCs

Revised Feasibility Study and Source Control Evaluation
Willamette Cove Upalnd Facility
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Table 3
Upland Soil Screening Summary - Ecological Receptors
Willamette Cove Upland Facility 
Portland, Oregon

PRG Hot Spot PRG Hot Spot
West Parcel

Antimony 2.7 27 2.7 27 3 0 0 0 -- -- -- --
Arsenic 18 180 18 180 10 10 0 0 RA1 S4 Composite 8.92 0.5

Chromium 76 76 39 39 4 4 0 0 B-1/S-2 Discrete 20.6 0.3
Copper 70 700 70 700 10 10 1 0 DU-7 ISM 102.0 1.5

Lead 79 330 33 330 10 10 1 0 DU-7 ISM 43.00 1.3
Mercury 0.23 0.23 0.073 0.15 18 3 2 2 DU-7 ISM 0.359 4.9

Nickel 47 200 23 200 4 4 0 0 B-2/S-1 Discrete 19.7 0.4
Selenium 0.71 5.2 0.52 5.2 3 0 0 0 -- -- -- --

Zinc 180 1200 120 1200 10 10 1 0 DU-7 ISM 151 1.3
Total HPAH 5.6 56 5.6 56 8 8 1 0 TP-21/S-2 Discrete 6.351 1.1
Total LPAH 29 290 29 290 8 7 0 0 TP-21/S-2 Discrete 0.754 0.03

Dibenzofuran 0.01 0.1 0.01 0.1 1 0 0 0 -- -- -- --
Total PCBs 0.098 0.98 0.098 0.98 2 1 1 0 WC-SSA Discrete 0.111 1.1

Dixoin/Furan TEQ 0.0000061 0.000061 0.0000061 0.000061 1 1 1 1 DU-7 ISM 0.000103 16.9
Central Parcel

Antimony 2.7 27 2.7 27 116 42 18 1 WC-SSV-1-1 Discrete 29.9 11.1
Arsenic 18 180 18 180 126 126 5 0 SS-19 Discrete 40.3 2.2

Chromium 76 76 39 39 125 125 0 0 SS-19 Discrete 68.6 0.9
Copper 70 700 70 700 137 137 55 7 WC-SSP-1-1 Discrete 5,440 77.7

Lead 79 330 33 330 139 139 87 30 WC-SSS-2b Discrete 4,040 51.1
Mercury 0.23 0.23 0.073 0.15 171 153 127 127 Area-3-15 Discrete 26.6 115.7

Nickel 47 200 23 200 125 125 9 0 WC-SSV-1-2 Discrete 144 3.1
Selenium 0.71 5.2 0.52 5.2 116 16 12 0 WC-SSV-1-1 Discrete 1.8 2.5

Zinc 180 1200 120 1200 130 130 58 1 WC-SSS-2b Discrete 1,460 8.1
Total HPAH 5.6 56 5.6 56 54 52 25 5 TP-22/S-1 Discrete 324.43 57.9
Total LPAH 29 290 29 290 54 50 2 0 TP-22/S-1 Discrete 45.78 1.6

Dibenzofuran 0.01 0.1 0.01 0.1 9 6 6 1 RA2-S9 Composite 0.583 58.3
Total PCBs 0.098 0.98 0.098 0.98 21 2 2 0 WC-SSH-D Discrete 0.21 2.1

Dixoin/Furan TEQ 0.0000061 0.000061 0.0000061 0.000061 54 54 49 23 WC-3 Surface Discrete 0.0057 934.4
Please see notes at end of table. 

Discrete/ Composite

Highest Concentration Sample6Total Number of SamplesEcological Screening Levels (mg/kg)
Chemical of 

Concern ERResult 
(mg/kg)

Sample 
TypeSample NameAbove Hot 

SpotAbove PRGAbove MDLAnalyzed
ISM
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Table 3
Upland Soil Screening Summary - Ecological Receptors
Willamette Cove Upland Facility 
Portland, Oregon

PRG Hot Spot PRG Hot Spot

Discrete/ Composite

Highest Concentration Sample6Total Number of SamplesEcological Screening Levels (mg/kg)
Chemical of 

Concern ERResult 
(mg/kg)

Sample 
TypeSample NameAbove Hot 

SpotAbove PRGAbove MDLAnalyzed
ISM

East Parcel
Antimony 2.7 27 2.7 27 24 19 12 3 WC-SSL-1-2 Discrete 192 71.1

Arsenic 18 180 18 180 28 27 2 0 WC-SSL-1-2 Discrete 36.2 2.0
Chromium 76 76 39 39 27 27 1 1 WC-SSL-1-2 Discrete 145 1.9

Copper 70 700 70 700 28 28 12 3 WC-SSL-1-2 Discrete 47,500 678.6
Lead 79 330 33 330 26 26 15 8 WC-SSL-1-2 Discrete 3,090 39.1

Mercury 0.23 0.23 0.073 0.15 26 20 3 3 RA6-S17 Composite 3.48 15.1
Nickel 47 200 23 200 25 25 7 1 WC-SSL-1-2 Discrete 306 6.5

Selenium 0.71 5.2 0.52 5.2 23 11 4 0 WC-SSO Composite Composite 1.3 1.8
Zinc 180 1200 120 1200 28 28 19 2 WC-SSL-1-2 Discrete 1810 10.1

Total HPAH 5.6 56 5.6 56 20 20 0 0 WC-SSL-1-1 Discrete 5.58 1.0
Total LPAH 29 290 29 290 20 17 0 0 WC-SSL-1-1 Discrete 1.9976 0.1

Dibenzofuran 0.01 0.1 0.01 0.1 1 0 0 0 -- -- -- --
Total PCBs 0.098 0.98 0.098 0.98 20 7 5 2 WC-SSH-3 Discrete 1.85 18.9

Dixoin/Furan TEQ 0.0000061 0.000061 0.0000061 0.000061 1 1 1 1 DU-4 ISM 0.0000612 10.0

Notes:

1.    mg/kg = milligrams per kilogram

2.    ISM = Incremental Sampling Methodology

3.    PRG = Preliminary Remediation Goal

4.    MDL = Method detection limit

5.    ER = Exceedance Ratio

6.    For analytes that have a lower PRG for ISM samples, this sample may not be the highest absolute concentration, but the highest concentraion of samples that exceed PRGs.

7.    HPAH = high molecularl weight polycyclic aromatic hydrocarbons

8.    LPAH = low molecular weight polycyclic aromatic hydrocarbons

9.    PCBs = polychlorinated biphenyls

10. Dioxin/Furan TEQ = 2,3,7,8-TCDD toxicity equivalent

11. Upland Soil includes all samples located within the site boundary above mean high water

12. Data screened against ecological screening levels includes samples from the surface to three feet below the surface. 

Revised Feasibility Study and Source Control Evaluation
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Table 4
Upland Soil Preliminary Remediation Goals and Oregon High Concentration Hot Spot Values – Human Health
Willamette Cove Upland Facilit
Portland, Oregon

RBC Hot Spot RBC Hot Spot RBC Hot Spot RBC Hot Spot RBC Hot Spot RBC Hot Spot PRG Hot Spot PRG Hot Spot

Antimony -- -- 24.3 243 -- -- -- -- -- -- 31 310 24.3 243 24.3 243
Arsenic 1.4 140 74 740 -- -- -- -- -- -- -- -- 8.8 140 4.4 140
Copper -- -- 11,000 110,000 -- -- -- -- -- -- 14,000 140,000 11,000 110,000 11,000 110,000

Lead -- -- 400 4,000 -- -- -- -- -- -- -- -- 400 4,000 400 4,000
BaP Eq 0.55 55 -- -- -- -- -- -- -- -- -- -- 0.55 55 0.55 55

Total PCBs 0.74 74 4 40 14 1,400 220 2,200 8.4 840 4.9 49 0.74 40 0.74 40
Dioxin/Furan TEQ 1.50E-05 1.50E-03 1.70E-04 1.70E-03 3.20E-04 3.20E-02 1.10E-02 1.10E-01 1.70E-04 1.70E-02 2.30E-04 2.30E-03 1.50E-05 1.50E-03 1.50E-05 1.50E-03

Notes:

1. RBC = Risk Based Concentration

2. PRG = Preliminary Remediation Goal

3. ISM = Incremental Sampling Methodology

4. mg/kg = milligrams per kilogram

5. PCBs = polychlorinated biphenyls

6. Dioxin/Furan TEQ = 2,3,7,8-TCDD toxicity equivalent

7. BaP Eq = benzo(a)pyrene equivalents

8. Upland Soil includes all samples located within the site boundary above mean high water

9. Data screened against the Recreational Trespasser/Park User and Transient Trespasser PRGs include samples from the surface to three feet below the surface.

10. Data screened against the Construction Worker PRG includes samples from the surface to ten feet below the surface.

Non-Cancer Cancer Non-Cancer Cancer Non-Cancer Discrete/Composite ISM

Concentration in mg/kg

Chemical of 
Concern 

Receptor Specific RBCs Human Health PRGs

Recreatoinal Trespasser/Park User Transient Trespasser Construction Worker Sample Type

Cancer
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Table 5
Upland Soil Screening Summary - Human Health - Surface Soil (0-3 feet bgs)
Willamette Cove Upland Facility 
Portland, Oregon

PRG Hot Spot PRG Hot Spot
West Parcel

Antimony 24.3 243 24.3 243 3 0 0 0 -- -- -- --
Arsenic 8.8 140 4.4 140 10 10 2 0 RA1 S4 Composite 8.92 1.01
Copper 11,000 110,000 11,000 110,000 10 10 0 0 DU-7 ISM 102 0.0

Lead 400 4,000 400 4,000 10 10 0 0 RA1 S4 Composite 48.9 0.1
BaP Eq 0.55 55 0.55 55 8 8 2 0 TP-21/S-2 Discrete 1.3 2.3

Total PCBs 0.74 40 0.74 40 2 1 0 0 WC-SSA Discrete 0.111 0.2
Dixoin/Furan TEQ 0.000015 0.0015 0.000015 0.0015 1 1 1 0 DU-7 ISM 0.000103 6.9

Central Parcel
Antimony 24.3 243 24.3 243 123 47 1 0 WC-SSV-1-1 Discrete 29.9 1.2

Arsenic 8.8 140 4.4 140 133 133 26 0 SS-19 Discrete 40.3 4.6
Copper 11000 110000 11000 110000 144 144 0 0 WC-SSP-1-1 Discrete 5440 0.5

Lead 400 4000 400 4000 146 146 21 1 WC-SSS-2b Discrete 4040 10.1
BaP Eq 0.55 55 0.55 55 54 52 29 1 TP-22/S-1 Discrete 63.6 116

Total PCBs 0.74 40 0.74 40 21 2 0 0 WC-SSH-D Discrete 0.21 0.3
Dixoin/Furan TEQ 0.000015 0.0015 0.000015 0.0015 54 54 41 2 WC-3 Surface Discrete 0.0057 380

East Parcel
Antimony 24.3 243 24.3 243 24 19 4 0 WC-SSL-1-2 Discrete 192 7.9

Arsenic 8.8 140 4.4 140 28 27 10 0 WC-SSL-1-2 Discrete 36.2 4.1
Copper 11000 110000 11000 110000 28 28 2 0 WC-SSL-1-2 Discrete 47500 4.3

Lead 400 4000 400 4000 26 26 6 0 WC-SSL-1-2 Discrete 3090 7.7
BaP Eq 0.55 55 0.55 55 20 20 2 0 WC-SSL-1-1 Discrete 0.89 1.6

Total PCBs 0.74 40 0.74 40 20 7 3 0 WC-SSH-3 Discrete 1.85 2.5
Dixoin/Furan TEQ 0.000015 0.0015 0.000015 0.0015 1 1 1 0 DU-4 ISM 0.0000612 4.1

Notes:

1.    mg/kg = milligrams per kilogram 7.    PCBs = polychlorinated biphenyls

2.    ISM = Incremental Sampling Methodology 8.   Dioxin/Furan TEQ = 2,3,7,8-TCDD toxicity equivalent

3.    PRG = Preliminary Remediation Goal 9.   BaP Eq = Benzo(a)pyrene Toxicity Equivalent

4.    MDL = Method detection limit 10. Upland Soil includes all samples located within the site boundary above mean high water

5.    ER = Exceedance Ratio 11. bgs = below ground surface

6.    For analytes that have a lower PRG for ISM samples, this sample may not be the highest absolute concentration, but the highest concentraion of samples that exceed PRGs.

Result 
(mg/kg)

Sample 
TypeSample NameAbove Hot 

Spot

Chemical of 
Concern 

Highest Concentration Sample6Total Number of Samples

Above PRGAbove MDLAnalyzed
ISMDiscrete/ Composite

Human Health Screening Levels (mg/kg)

ER
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Table 6
Upland Soil Screening Summary - Human Health - Subsurface Soil (3-10 feet bgs)
Willamette Cove Upland Facility 
Portland, Oregon

RBC Hot Spot
West Parcel

Antimony 31 310 0 0 0 0 -- -- -- --
Copper 14,000 140,000 0 0 0 0 -- -- -- --

Total PCBs 4.9 49 3 0 0 0 -- -- -- --
Dixoin/Furan TEQ 0.00017 0.0023 0 0 0 0 -- -- -- --

Central Parcel
Antimony 31 310 2 0 0 0 -- -- -- --

Copper 14,000 140,000 2 2 0 0 RA3-D-B1 Composite 64.8 0.005
Total PCBs 4.9 49 0 0 0 0 -- -- -- --

Dixoin/Furan TEQ 0.00017 0.0023 2 2 0 0 RA3-D-B1 Composite 0.000144 0.6
East Parcel

Antimony 31 310 0 0 0 0 -- -- -- --
Copper 14,000 140,000 0 0 0 0 -- -- -- --

Total PCBs 4.9 49 0 0 0 0 -- -- -- --
Dixoin/Furan TEQ 0.00017 0.0023 0 0 0 0 -- -- -- --

Notes:
1.    RBC = Risk Based Concentration

2.    mg/kg = milligrams per kilogram

3.    MDL = Method detection limit

4.    ER = Exceedance Ratio

5.   Screening levels are the lowest of the cancer and non-cancer RBC from Table 3

6.    PCBs = polychlorinated biphenyls

7.   Dioxin/Furan TEQ = 2,3,7,8-TCDD toxicity equivalent

8. Upland Soil includes all samples located within the site boundary above mean high water

9. bgs = below ground surface

Highest Concentration SampleTotal Number of Samples
Construction Worker 

RBC5 (mg/kg)Chemical of 
Concern Result 

(mg/kg) ERSample 
TypeSample NameAbove Hot 

SpotAbove RBCAbove MDLAnalyzed
Discrete/ Composite
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Table 7
Upland Soil Risk Summary
Willamette Cove Upland Facility 
Portland, Oregon

Parcel West Central East West Central East West Central East
Antimony -- X -- -- -- -- -- -- --

Arsenic --  -- -- -- X -- -- -- --
Chromium -- -- -- -- -- -- -- -- --

Copper X X -- -- -- -- -- -- --
Lead X X -- -- X -- -- -- --

Mercury X X -- -- -- -- -- -- --
Nickel --  -- -- -- -- -- -- -- --

Selenium --  -- -- -- -- -- -- -- --
Zinc X X X -- -- -- -- -- --

Total HPAH -- X -- -- -- -- -- -- --
Total LPAH -- -- -- -- -- -- -- -- --

BaP Eq -- -- -- X X -- -- -- --
Dibenzofuran -- X -- -- -- -- -- -- --

Total PCBs -- -- -- -- -- -- -- -- --
Dioxin/Furan TEQ X X X X X X -- -- --

Notes:
1.  Upland Soil includes all samples located within the site boundary above mean high water
2.  Ecological and Human Health - Surface Soil risk applies to soil from 0-3 feet below ground surface.
3.  Human Health - Subsurface risk applies to soil from 3-10 feet below ground surface. 
4.  HPAH = High molecular weight polycyclic aromatic hydrocarbons
5.  LPAH - Low molecular weight polycyclic aromatic hydrocarbons
6.  PCBs = Polychlorinated biphenyls
7.  TEQ = Toxicity equivalent
8.  BaP Eq = Benzo(a)pyrene toxicity equivalent
9.  COC =Contaminant of Concern
10. X = Bold denotes significant risk driver

11. X = Denotes secondary risk driver

12.  = Shading denotes risk driver present above hot spot concentration

COCs Contributing to Upland Risk

Receptors Ecological Surface SoilSurface Soil
Human Health                 

Revised Feasibility Study and Source Control Evaluation
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Table 8
Summary of Impacted Areas and Volumes - Upland Soil
Willamette Cove Upland Facility 
Portland, Oregon

West End East End
Exceeding PRGs

Depth 2 3 1 1 --
Area 187,800 167,300 184,800 255,952 796,000

Volume 13,900 16,300 4,500 11,200 45,900
Depth 1.5 2 0.5 0.5 --

Area 187,800 167,300 184,800 255,952 796,000
Volume 10,400 12,400 3,400 4,700 30,900

Exceeding Hot Spot Levels
Depth 1 1 1 1

Area 187,800 167,300 184,800 255,952 796,000
Volume 7,000 6,200 6,800 9,500 29,500

Depth 1 1 1 1
Area 187,800 167,300 184,800 255,952 796,000

Volume 7,000 6,200 6,800 9,500 29,500
Exceeding Non-Dioxin/Furan Hot Spot Levels

Depth 1 1 1 1
Area 0 55,800 37,000 0 92,800

Volume 0 2,100 1,400 0 3,500
Depth 1 1 1 1

Area 0 800 0 0 800
Volume 0 30 0 0 30

Notes:
1.  The following are exceptions to the depths listed:

2. The volume listed is for alternatives using standard excavation techniques. Alternatives using low impact excavation around 
    native trees will have smaller volumes due to the exceptions listed above. 
3.  bgs = below ground surface
4.  Depth displayed are feet below ground surface
5.  Area displayed in square feet
6.  Volume displayed in cubic yards
7.  All quantities are from the top of bank inland towards the property boundary. 
8.   PRGs = preliminary remediation goals

Central Parcel
West Parcel East ParcelRemedial Action Extent Total 

Ecological and 
Human Health

-For alternatives using low impact excavation techniques around native trees, the depth is assumed to be 1 foot within tree 
dripline. No additional excavation will be conducted around native trees excavated during the 2015 soil removal action. 

Human Health

Ecological

Human Health

Ecological

Human Health

-Within 2015 soil removal action areas, depth exceeding PRGs is assumed to be that listed minus 2015 excavation depth. 
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Table 9
General Response Actions and Applicable Technologies
Willamette Cove Upland Facility 
Portland, Oregon

General Response Actions Applicable Technologies Is Technology Applicalbe Based on Site Characteristics, Soil 
Condition, and Contaminant Type?

No Action No Action ● No Action Yes

Institutional Controls
● Can prevent disturbance of any required soil cap or other engineering controls, address notification of Site hazards, and ensure proper 

controls are implemented during future Site activities.
● Protocols must be established for handling and managing contaminated soils during future site work to protect workers, public health, 

and the environment.
Monitoring ● Laboratory analysis of soil samples. Yes

Engineering Controls Access Restrictions ● Use of fencing, signage, or other controls to limit access to impacted soils. Yes
● Use HVAC system to maintain positive pressure in buildings.
● Effective for removal of volatile organic contaminants.
● Installation of low-permeability barriers beneath structures to prevent vapor intrusion of sealants on floor slabs or paved surfaces.
● Effective for control of volatile organic contaminants.
● Installation of sub-slab venting systems or suction pits to create negative pressures beneath structures to prevent vapor migration to 

ambient air.  Vapors are collected in the suction pit or venting pipes below the building and vented to the outside of the building, either 
passively or with fans.

● Effective for removal of volatile organic contaminants.

Containment
● Installation of an engineered cap (e.g., soil, asphalt, impermeable liner) over impacted soils.  Soil caps may include various amendments 

(e.g., organic matter) to reduce bioavailability of contaminants.  
● Effective for all types of contaminants

Removal And Disposal ● Excavation of some or all of the contaminated soil for subsequent treatment and/or disposal.  
● Effective for all types of contaminants
● Off-site disposal of excavated soil at permitted disposal facility.  Soils would require waste profiling and approval by the disposal facility.
● Effective for all types of contaminants
● Consolidate excavated soil in an on-site, capped disposal area.
● Effective for all types of contaminants

In Situ Biological Treatment
● Bioventing involves inducing air or oxygen flow in the unsaturated zone to promote biodegradation of hydrocarbons and VOCs.  

Applications include injection of air or oxygen into subsurface, or extraction of air at rates lower than for SVE.                                                      
● Effective organics and volatile contaminants. Not effective with inorganic contaminants. 
● Adding nutrients, electron donor/acceptor, or other amendments to enhance bioremediation. 
● Most effective with organic contaminants, but can be used to change oxidative state of inorganics.
● Can be difficult to achieve contact with all contaminant mass, particularly in unsaturated soils.
● Combination of aeration (tilling) and amendments to enhance bioremediation in surface soils. 
● Effective for organic contaminants in shallow soil that can be degraded aerobically. Not effective for deeper contamination or inorganics.

● Using natural processes to reduce contaminant concentrations to acceptable levels.  Process is closely monitored to verify exposures 
are acceptable prior to concentrations reaching acceptable levels.                                                                                                                    

● Most effective with organic contaminants, but natural processes can change oxidative state of inorganics. 
● Phytoremediation is a process that uses plants to remove, transfer, stabilize, and destroy contaminants in soil or sediment.                                       
● Can be effective at removing a variety of organic and inorganic compounds from soil through plant uptake in vicinity of roots 

(rhizosphere). 

No - not effective for all site contaminant types. 

Yes

No - not effective for all site contaminant types. 

Yes

YesPhytoremediation

No - not effective for unsaturated soils. 

YesCapping

Yes

Yes

On-Site Consolidation

Off-site Disposal

Excavation

Bioventing

Enhanced Bioremediation 
(Bioaugmentation, Biostimulation)

Land Treatment

Monitored Natural Attenuation

Description

Deed Restrictions/Soil Management 
Plan

Control of Building HVAC System

Vapor Barriers

Sub-Slab Depressurization or Sub-
Floor Venting

No - No buildings on site. 

Yes

No - No buildings on site. 

No - No buildings on site. 
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Table 9
General Response Actions and Applicable Technologies
Willamette Cove Upland Facility 
Portland, Oregon

General Response Actions Applicable Technologies Is Technology Applicalbe Based on Site Characteristics, Soil 
Condition, and Contaminant Type?Description

In Situ Physical/ Chemical/ Thermal 
Treatment

● SVE involves extraction of vapors from the vadose zone using system of vertical wells or horizontal vents and vacuum pumps/blowers.  
Treatment of the discharge may be required.                                                                                                                                                            

● Effective for organic volatile contanminants.
● Application of a low-intensity direct current through the soil between electrodes that are divided into a cathode array and an anode array. 

This mobilizes charged species, causing ions and water to move toward the electrodes.                                                                                                                                                                                                                                                                                                                                                                                                                                        
● Effective for removing inorganic ions and polar organics from saturated soil. 
● Most effective in low-permeability soils (particularly clays). Not effective for vadose zone soil without supplemental saturation.   
● Development of cracks in low-permeability or overconsolidated soils to create passageways that increase the effectiveness of other in 

situ  processes and extraction technologies.                                                               
● Effective in  in deep, fine-grained or consolidated soils.    
● Chemically converts hazardous contaminants to less toxic compounds.  Effective in destroying organic contaminants and oxidizing 

inorganic contaminants to less toxic/less mobile forms. Can include oxidant chemicals such as peroxides, permanganates, or ozone                                                                                
● Can be highly effective at destruction of organic contaminants or oxidation of inorganics.        
● Can be difficult to achieve contact with all contaminant mass, particularly in unsaturated soils.
● Water (or water containing an additive to enhance contaminant solubility) is circulated through the soil to desorb contaminants, 

recovered, and treated.  Implementation can involve injection followed by removal (such as via vacuum truck).                                                                                                                                                                                                                                                                                                                                                                       
● May be effective for soluble inorganics.        
● Most effective for deep or saturated soils.      
● Requires significant power and infrastructure for water extraction and treatment.  
● Contaminants are physically bound or enclosed within a stabilized mass (solidification and vitrification), or chemical reactions are 

induced between the stabilizing agent and contaminants to reduce their mobility (stabilization), or additives are uses to to reduce mobility 
or bioavailability of contaminants (immobilization).  Could be directly applied/mixed with soil or applied as part of an active capping 
approach.

● Effective in shallow unconsolidated soils. 
● Effective on many contaminant types. 
● High-energy injection (steam/hot air, electrical resistance, electromagnetic, fiber optic, radio frequency) is used to increase the recovery 

rate of semi-volatile or non-volatile compounds to facilitate extraction (enhanced volatilization or decreased viscosity). Coupled with a 
                                                                                                                        ● Most suitable to semi-volatile organic contaminants or viscous compounds that are not otherwise extractable with vapor extraction or 

fluid extraction technologies. Not effective with inorganics.    
● Requires significant infrastructure for power and material application.

Ex Situ Biological Treatment ● Excavated soils are mixed with soil amendments and placed in aboveground enclosures and aerated with blowers or vacuum pumps. 
● Effective for removal of organic contaminants from excavated soil.  Not be effective for inorganics.
● Excavated soil is mixed with bulking agents and organic amendments to promote microbial activity.
● Effective for removal of organic contaminants from excavated soil.  Would not be effective for inorganics
● Excavated soil is placed in lined beds and periodically tilled to aerate the soil. 
● Effective for removal of organic contaminants from excavated soil.  Would not be effective for inorganics
● An aqueous slurry of soil, sediment, or sludge with water and other additives is mixed to keep solids suspended and microorganisms in 

contact with the soil contaminants.  When complete, the slurry is dewatered and the soil is disposed of.
● Effective for removal of organic contaminants from excavated soil.  Would not be effective for inorganics

Yes

No - not effective for all contaminants and site does not have ready 
access to necessary infrastructure.

No - not effective for all site contaminant types. 

No - not effective for all site contaminant types. 

No - not effective for all site contaminant types. 

No - not effective for all site contaminant types. 

No - not effective for all site contaminant types. 

No - not effective for all site contaminant types or unsaturated 
soils.Electrokinetic Separation

No - not effective in shallow unconsolidated soils. 

No - not effective in unsaturated soils. 

No - not effective for all contaminant types or unsaturated soils and 
site does not have ready access to necessary infrastructure. 

Landfarming

Slurry Phase Biological Treatment

Fracturing

Chemical Oxidation

Soil Flushing

Thermally-Enhanced Removal

Biopiles

Composting

Soil Vapor Extraction (SVE)

Solidification/Stabilization/ 
Vitrification/Immobilizatioin
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Table 9
General Response Actions and Applicable Technologies
Willamette Cove Upland Facility 
Portland, Oregon

General Response Actions Applicable Technologies Is Technology Applicalbe Based on Site Characteristics, Soil 
Condition, and Contaminant Type?Description

Ex Situ Physical/ Chemical/ Thermal 
Treatment

● Excavated soil is mixed with an extractant, which dissolves the contaminants.  The resultant solution is placed in a separator to remove 
the contaminant/extractant mixture for treatment.                                                                                                                                      

● Can be difficult to achieve contact with all contaminant mass, particularly in unsaturated soils.
● Most suitable to removal of semi-volatile and inorganic contamination from excavated soil.  

Solidification/ Stabilization
● Contaminants are physically bound or enclosed within a stabilized mass (solidification), or chemical reactions are induced between the 

stabilizing agent and contaminants to reduce their mobility (stabilization). Yes

● Reagents are added to soils contaminated with halogenated organics to remove halogen molecules.                                                              
● Effective at detoxifying halogenated organic compounds in excavated soil. Not applicable to inorganics or non-halogenated compounds.

● High temperatures are used to combust (in the presence of oxygen) organic constituents in hazardous wastes. 
● Effective at removing organic contaminants from excavated soil.  Not applicable to inorganics (though can change the oxidative state).
● Contaminants are separated from the excavated soil with wash-water augmented with additives to help remove organics.                                   
● Most suitable to removal of semi-volatile and inorganic contamination from excavated soil. 
● Contaminants are destroyed by photochemical and thermal reactions using ultraviolet energy in sunlight or artificial UV light.  Usually 

involves application of catalyst agent.                                                                                                                                                                             
● Can be effective at treating a variety of organic compounds.  Not applicable to inorganics.
● Waste soils are heated to either volatilize (desorption and hot gas) or to anaerobically decompose (pyrolysis) organic contaminants.  Off-

gas is collected and treated. Effective at removing organic materials from excavated soil (particularly volatile organics).  
● Pyrolysis generally used for semi-volatiles or pesticide wastes.   Not effective for inorganics.
● Separation techniques concentrate contaminated solids through physical, magnetic, and/or chemical means.  These processes remove 

solid-phase contaminants from the soil matrix.
● Can be effective at treating a variety of compounds.

Separation

Solar Detoxification

Thermal Desorption/ Pyrolysis/ Hot 
Gas Decontamination

Soil Washing

No - not effective for all site contaminant types or unsaturated 
soils.

No - not effective for all site contaminant types. 

No - not effective for all site contaminant types. 

No - not effective for all site contaminant types. 

No - not effective for all site contaminant types. 

Yes

No - not effective for all site contaminant types. 

Chemical Extraction

Dehalogenation

Incineration
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Table 10
Screening and Evaluation of Technologies
Willamette Cove Upland Facility 
Portland, Oregon

Effectiveness Implementability Cost
No Action

No Action No Action Not effective in achieving RAOs. Easy to implement. No capital or O&M costs incurred. Does not meet threshold criteria.  Required to be included for 
comparison purposes.

Institutional Controls

Deed Restrictions/
Soil Management Plan

Can prevent disturbance of any required soil cap or other 
engineering controls, address notification of Site hazards, 
and ensure proper controls are implemented during future 
Site activities.  Protocols will be established for handling and 
managing contaminated soils during future Site work to 
protect workers, public health, and the environment.

Effective at regulating human direct contact, but is not 
effective at preventing erosion or ecological exposures, and 
does not address contaminant reduction.  Soil management 
plan useful for addressing future interaction with impacted 
soils.

Deed restriction reasonably easy to complete.  Soil 
management plan would need to be prepared and 
maintained in perpetuity. 

Low costs associated with implementing soil management 
plan and deed restrictions. 

Institutional controls are useful technologies to address risks 
during cleanup and to address residuals remaining after 
primary cleanup.  Would be necessary for alternatives that 
maintain impacted soil on-site (such as capping).  Generally 
only applicable to human receptors.

Monitoring Laboratory analysis of soil samples.
Effective for documenting Site conditions to evaluate 
migration and current Site risks.  Does not address 
contaminant reduction.

Moderately easy to implement.  Repeat sampling events may 
be necessary for tracking progress of active treatment 
technologies, which would require multiple mobilizations.

Low to moderate costs for monitoring.

Applicable to document Site conditions and effectiveness of 
any treatment.  Must be used in conjunction with other 
technologies.  Would include regular inspections of 
implemented technology (such as capping) and erosion 
control.

Engineering Controls 

Access Restrictions Use of fencing, signage, or other controls to limit access to 
impacted soils.

Effective at preventing human direct contact exposure to 
shallow impacted soil.  Not effective at preventing erosion or 
ecological exposures.

Reasonably easy to implement for shallow soils.  Would 
restrict use of property, but probably consistent with future 
site use. Access restrictions to site have been difficult for site 
in past. 

Possible high short-term costs for implementing site access 
restrictions, but not anticipated to have long term high costs. 

Applicable especially in interim prior to park development.  
Addresses only human receptors, therefore must be used in 
conjunction with other technologies. Effectiveness of site 
access restrictions would need to be demonstrated prior to 
implementation. 

Containment

Capping

Installation of an engineered cap (e.g., soil, asphalt, 
impermeable liner) over impacted soils.  Soil caps may 
include various amendments (e.g., organic matter) to reduce 
bioavailability of contaminants.  Armoring and/or vegetation 
can be used as a method of preventing erosion.

Effective at preventing direct contact with contaminated soils.  
Amendments can reduce uptake for contaminants.  Does not 
address contaminant reduction but engineered cap can 
prevent erosion.  Cap design can also be compatible with 
expected future site use.

Site is unimproved and installation of a cap would be 
reasonably easy.  However, cap installation could eliminate 
existing habitat. Cap would need to be maintained in 
perpetuity.  Cap design could be incorporated into land use 
design for anticipated future use.

Moderate to high construction cost for installation of cap.  
Low to moderate costs for ongoing maintenance of cap to 
maintain effectiveness.

Potentially applicable to the site to prevent direct contact.  
Thin caps with soil amendments applicable to reducing 
bioavailability.  Specific technology used would have to be 
compatible with future expected use (e.g., expansive asphalt 
concrete cap is not applicable, but a soil cap with 
strategically placed paved trails may be).

Removal And Disposal

Excavation

Excavation of some or all of the contaminated soil for 
subsequent treatment and/or disposal.  Focused excavation 
may include only higher concentrations or "hot spot" soil.  
Site restoration could include backfill with treated soil, 
imported soil, or re-grading surface soil.

Effective for removing source material from site or 
consolidating soil under an on-site cap.  Addresses direct 
exposure pathways and migration by reducing or controlling 
on-site contaminant mass.  

Implementation involves conventional construction 
equipment and methods.  Integration into land use plan 
would be feasible.  Depending on extent of excavation, may 
eliminate existing habitat.

Moderate to high costs due to required soil volumes. Applicable to the site.

Off-site Disposal
Off-site disposal of excavated soil at permitted disposal 
facility.  Soils would require waste profiling and approval by 
the disposal facility.

Effective for containing contaminated soils and reducing risks 
associated with direct exposure.

Implementation involves transportation of contaminated soils.  
Non-soil wastes (rock and debris) may be separable to 
reduce disposal volume.

Moderate to high costs depending upon soil volumes and 
characterization. Applicable to the site.

On-Site Consolidation Consolidate excavated soil in an on-site, capped disposal 
area such as a berm along the rail line to reduce noise.

Effective by consolidating on-site soil in a controlled area to 
prevent exposure.  Because the primary concern is direct 
contact, a soil cap would be effective.

Implementation involves conventional construction 
equipment and methods.  Integration into land use plan 
would be feasible.  Depending on extent of excavation, may 
eliminate existing habitat.

Moderate to high costs depending upon soil volumes. Applicable to the site.

Please Refer To Notes At End Of Table.

Screening CommentsDescriptionGeneral Response 
Action/Technology

Screening Criteria
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Table 10
Screening and Evaluation of Technologies
Willamette Cove Upland Facility 
Portland, Oregon

Effectiveness Implementability Cost
Screening CommentsDescriptionGeneral Response 

Action/Technology
Screening Criteria

In Situ  Biological Treatment

Monitored Natural Attenuation

Using natural processes to reduce contaminant 
concentrations to acceptable levels.  Process is closely 
monitored to verify exposures are acceptable prior to 
concentrations reaching acceptable levels.

Most effective with organic contaminants, but natural 
processes can change oxidative state of inorganics.  Likely 
unable to effect change in unsaturated soils. 

Easy to implement.  Monitoring of unsaturated soil would 
require repeated intrusive sampling events.  Implementation 
would likely be ineffective.

Moderate costs for monitoring. Not retained because ineffective with Site contaminants and 
conditions (i.e., shallow unsaturated soil).

Phytoremediation
Phytoremediation is a process that uses plants to remove, 
transfer, stabilize, and destroy contaminants in soil or 
sediment.

Can be effective at removing a variety of organic and 
inorganic compounds from soil through plant uptake in 
vicinity of roots (rhizosphere). 

Requires significant land area suitable for large plants.  
Contamination must be accessible to plant root zones.  Likely 
not compatible with anticipated future site use because 
required plant management not consistent with natural park.

Low to moderate implementation cost.
Although potentially suitable for some of the Site 
contaminants of concern, not suitable for long-term intended 
site use as a park. 

In Situ Physical/ Chemical/ Thermal Treatment

Solidification/Stabilization/ 
Vitrification/Immobilizatioin

Contaminants are physically bound or enclosed within a 
stabilized mass (solidification and vitrification), or chemical 
reactions are induced between the stabilizing agent and 
contaminants to reduce their mobility (stabilization), or 
additives are uses to to reduce mobility or bioavailability of 
contaminants (immobilization).  Could be directly 
applied/mixed with soil or applied as part of an active capping 
approach.

Potentially suitable to reducing mobility of and accessibility to 
site contaminants.  Difficult to ensure complete enclosure of 
soil with in-situ process.  Reduction of bioavailability of 
organic contaminants could be effective with use of (for 
example) carbon addition to soil.

Difficult to obtain full stabilization in-situ in heterogeneous 
subsurface by injection.  Vitrification would require significant 
power supply.  Finished product would not be compatible 
with anticipated future site use.  Incorporation of additives 
into cap materials relatively simple.

High to very high implementation cost, except that 
incorporation of additives into cap material relatively 
inexpensive.

Immobilization to reduce bioavailability retained as potentially 
useful technology to combine with capping.  Other process 
options not retained because less suitable to Site conditions 
and high cost.

Ex Situ  Physical/ Chemical/ Thermal Treatment

Solidification/ Stabilization

Contaminants are physically bound or enclosed within a 
stabilized mass (solidification), or chemical reactions are 
induced between the stabilizing agent and contaminants to 
reduce their mobility (stabilization).

Potentially suitable to reduce leaching of contaminants prior 
to disposal.

Could be used to solidify wet soil or stabilize inorganics if 
needed for acceptance of excavated soil at the disposal 
facility.  Successfully used on prior removal action at the site.

Low to Moderate implementation cost. Retained as potentially applicable to soil fraction of 
excavated soil if stabilization has benefit for disposal.

Separation

Separation techniques concentrate contaminated solids 
through physical, magnetic, and/or chemical means.  These 
processes remove solid-phase contaminants from the soil 
matrix.

Effective for removal of solids with distinct physical 
characteristics (size, composition, etc.).

Commercial equipment available for separation by size 
(sieving) or for removing iron (magnetic removal). Low to moderate cost.

May be potentially applicable for removal of rock fraction and 
debris from excavated soil prior to offsite disposal (reducing 
disposal volume).  Not expected to directly separate 
contaminants.

Note:
1.    Shading indicates technology has been eliminated from consideration.
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Table 11
Cost Table – Alternative 2a: Standard Cap
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Component Extension Notes                        

Capital

Design, Permitting, Procurement
Work Plan Preparation 1 LS $20,000 /each $20,000 For DEQ review and approval
Survey 23 ac $3,600 /ac $82,800 Pre-design topographic survey (Means)

Drawings and Specifications 12 sheets $5,000 /each $85,000
Assume public bid; design sheets at $5,000 per sheet plus $25,000 
for Port Engineering

Permitting 1 LS $20,000 /each $20,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Procurement/Contracting 1 LS $15,000 /each $15,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Soil Management Plan/Institutional 
Controls 1 LS $20,000 /each $20,000 Professional judgment

Design and Procurement Subtotal $243,000
Construction
Site Prep
Utility Locating 8 hr $70 /hr $560 Unit rate from recent subcontract
Mobilization 1 LS $298,000 /each $298,000 Assume 10% construction total; includes contractor work plans
Access Road Improvements 1,420 sy $23.66 /sy $33,600 4-inch overlay (Means) along N Edgewater Ave
Erosion Control 4,500 lf $1.07 /foot $4,800 Means
Construction Entrance 1 LS $1,500 /each $1,500 25 x 60 rock construction entrance (per City req's)
Erosion Control Maintenance 4 months $640 /month $2,560 10% of Erosion Control and Construction Entrance

Dust Control 70 day $280 /day $19,600 Water truck/driver (Means); purchase water from City (0.5 gal/sy/hr)
Survey Control 23 ac $2,200 /ac $50,600 Means
Site Clearing (forested) 11.5 ac $9,700 /ac $111,550 Means (cut and chip trees, close-cut stumps)
Site Clearing (unforested) 11.5 ac $950 /ac $10,900 Means (shrub/brush mowing)
Cap
Demarcation Fabric 88,400 sy $2.05 /sy $181,220 Means
Purchase/Deliver Topsoil for Cap 23,600 ton $23 /ton $542,800 Means; assumes 1.6 ton/cy
Purchase/Deliver Import Fill for Cap 75,100 ton $13 /ton $938,750 Means; assumes 1.7 ton/cy
Place and Compact 58,900 cy $6.22 /cy $366,400 Means
Site Restoration
Site Grading 23 ac $2,150 /ac $49,450 Means
Re-Vegetation (forested) 11.5 ac $43,500 /ac $500,300 Means; hydroseeding, trees @ 20' spacing, shrubs @ 6' spacing
Re-Vegetation (unforested) 11.5 ac $2,800 /ac $32,200 Means; hydroseeding, shrubs @ 6' spacing

Temporary Irrigation System 11.5 ac $6,560 /ac $75,440
Temporary Drip System for trees and shrubs; cost from similar 
project

First Year of Irrigation 9 months $6,250 /month $56,250 Water truck/driver (Means); purchase water from City
Overhead, bonding, insurance 1 LS $327,648 /each $327,600 Assume 10% of construction - professional judgment

Construction Subtotal $3,604,000
Oversight and Reporting
Construction Management 120 day $500 /day $60,000 Professional judgment
Engineering Oversight 60 day $1,500 /day $90,000 Professional judgment
Report 1 LS $20,000 /each $20,000 Professional judgment
Agency Oversight (DEQ/EPA) 10 % $330,000 /each $33,000 Assumed 10% of engineering costs

Oversight and Reporting Subtotal $203,000
Long-Term Subtotal (Net Present Value) Assume net discount rate of 2.5% for present-worth calculations.

Cap Inspection and Maintenance 15 yr $18,480 /yr $277,200 Assume 1% of cap installation cost
Plant Inspection and 
Replacement/Control 5 yr $26,625 /yr $133,100 Assume 5% of plant installation cost

Long-Term Annual Inspections 25 yr $3,800 /yr $95,000
Inspections only after cap maintenance and inspection period 
complete (w/ summary letter)

Long-Term Subtotal (Net Present Value) $505,000
Contingency

Contingency 15 % $4,555,000 /each $683,000 Professional judgment
Total Total $5,238,000
Notes:

1. Means - 2017 RS Means Online Cost Estimating

Unit CostUnits
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Table 12
Cost Table – Alternative 2b:  Amended Cap
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Component Extension Notes                        

Capital
Design, Permitting, and Procurement
Work Plan Preparation 1 LS $20,000 /each $20,000 For DEQ review and approval
Survey 23 ac $3,600 /ac $82,800 Pre-design topographic survey (Means)

Drawings and Specifications 10 sheets $5,000 /each $75,000
Assume public bid; design sheets at $5,000 per sheet plus $25,000 
for Port Engineering

Permitting 1 LS $20,000 /each $20,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Procurement/Contracting 1 LS $15,000 /each $15,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Soil Management Plan/Institutional 
Controls 1 LS $20,000 /each $20,000 Professional judgment

Design and Procurement Subtotal $233,000
Construction
Site Prep
Utility Locating 8 hr $70 /hr $560 Unit rate from recent subcontract
Mobilization 1 LS $213,000 /each $213,000 Assume 10% construction total; includes contractor work plans
Access Road Improvements 1,420 sy $23.66 /sy $33,600 4-inch overlay (Means) along N Edgewater Ave
Erosion Control 4,500 lf $1.07 /foot $4,800 Means
Construction Entrance 1 LS $1,500 /each $1,500 25 x 60 rock construction entrance (per City req's)
Erosion Control Maintenance 3 months $640 /month $1,920 10% of Erosion Control and Construction Entrance

Dust Control 47 day $280 /day $13,200 Water truck/driver (Means); purchase water from City (0.5 gal/sy/hr)
Survey Control 23 ac $2,200 /ac $50,600 Means
Site Clearing (forested) 10.4 ac $9,700 /ac $100,500 Means (cut and chip trees, close-cut stumps)
Site Clearing (unforested) 11.5 ac $950 /ac $10,900 Means (shrub/brush mowing)
Site Clearing (native trees) 1.1 ac $950 /ac $1,100 Means (shrub/brush mowing)
Cap
Demarcation Fabric 88,400 sy $2.05 /sy $181,200 Means
Purchase/Deliver Topsoil for Cap 47,200 ton $23 /ton $1,085,600 Means; assumes 1.6 ton/cy

Bulk Activated Carbon Amendment 200,000 lb $1.00 /lb $200,000
EPA, OSWER 9200.2-128FS, 2013; assume 1% by dry weight to 
supplement topsoil organics for 25% of area

Apply Amendment 200,000 lb $0.25 /lb $50,000 Professional judgment; could be direct application or blended
Place and Compact 29,500 cy $6.22 /cy $183,500 Means
Site Restoration
Site Grading 23 ac $2,150 /ac $49,450 Means
Re-Vegetation (unforested) 11.5 ac $2,800 /ac $32,200 Means; hydroseeding, shrubs @ 6' spacing

Temporary Irrigation System 11.5 ac $6,560 /ac $75,440
Temporary Drip System for trees and shrubs; cost from similar 
project

First Year of Irrigation 9 months $6,250 /month $56,250 Water truck/driver (Means); purchase water from City
Overhead, bonding, insurance 1 LS $325,400 /each $325,400 Assume 10% of construction - professional judgment

Construction Subtotal $2,671,000
Oversight and Reporting
Construction Management 90 day $500 /day $45,000 Professional judgment
Engineering Oversight 50 day $1,500 /day $75,000 Professional judgment
Report 1 LS $20,000 /each $20,000 Professional judgment
Agency Oversight (DEQ/EPA) 10 % $548,200 /each $54,800 Assumed 10% of engineering costs

Oversight and Reporting Subtotal $194,800
Long-Term Subtotal (Net Present Value) Assume net discount rate of 2.5% for present-worth calculations.

Cap Inspection and Maintenance 15 yr $12,700 /yr $190,500 Assume 1% of cap installation cost
Plant Inspection and 
Replacement/Control

5 yr
$1,610 /yr $8,050

Assume 5% of plant installation cost

Long-Term Annual Inspections 25 yr
$3,800 /yr $95,000

Inspections only after cap maintenance and inspection period 
complete (w/ summary letter)

Long-Term Subtotal (Net Present Value) $294,000
Contingency

Contingency 15 % $3,392,800 /each $509,000 Professional judgment
Total Total $3,902,000
Notes:

1. Means - 2017 RS Means Online Cost Estimating

Units Unit Cost
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Table 13
Cost Table – Alternative 3a:  Standard Excavation with Off-Site Disposal
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Component Extension Notes                        

Capital
Design, Permitting, Procurement
Work Plan Preparation 1 LS $20,000 /each $20,000 For DEQ review and approval
Survey 23 ac $3,600 /ac $82,800 Pre-design topographic survey (Means)

Drawings and Specifications 12 sheets $5,000 /each $85,000
Assume public bid; design sheets at $5,000 per sheet plus $25,000 
for Port Engineering

Permitting 1 LS $20,000 /each $20,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Procurement/Contracting 1 LS $15,000 /each $15,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Design and Procurement Subtotal $223,000
Construction
Site Prep
Utility Locating 24 hr $70 /hr $1,680 Unit rate from recent subcontract
Mobilization 1 LS $295,000 /each $295,000 Assume 10% construction total; includes contractor work plans
Access Road Improvements 1,420 sy $23.66 /sy $33,600 4-inch overlay (Means) along N Edgewater Ave
Erosion Control 4,500 lf $1.07 /foot $4,815 Means
Construction Entrance 1 LS $1,500 /each $1,500 25 x 60 rock construction entrance (per City req's)
Erosion Control Maintenance 5 months $640 /month $3,200 10% of Erosion Control and Construction Entrance

Dust Control 90 day $280 /day $25,200 Water truck/driver (Means); purchase water from City (0.5 gal/sy/hr)
Survey Control 23 ac $2,200 /ac $50,600 Means
Site Clearing (forested) 11.5 ac $9,700 /ac $111,550 Means (cut and chip trees, close-cut stumps)
Site Clearing (unforested) 11.5 ac $950 /ac $10,925 Means (shrub/brush mowing)
Excavation

Soil Excavation and Load (standard) 45,900 cy $16 /cy $722,925 Means
Impacted Soil Waste Profiling
Chemical Analyses (TCLP metals) 91.8 each $150 /each $13,770 1 sample per 500 cubic yards; Unit rate from lab price list
Waste Profiling Data Package 20 hr $125 /hr $2,500 Soil data compilation and prepare waste profile forms
Transport Off-Site 78,000 ton $10 /ton $780,000 Means and professional judgement
Disposal 78,000 ton $30 /ton $2,340,000 Quote from Waste Management for Hillsboro Landfill

Confirmation Soil Sampling and 
Chemical Analyses 160 each $440 /each $70,400

Assume one sample per 100 lineal feet of perimeter and one sample 
per 5000 sf bottom; analyze for total metals (20% of samples for 
PAHs and 10% of samples for dioxins and PCBs); Unit rate from lab 
price list

Cap
Purchase/Deliver Topsoil for Cap 47,200 ton $23 /ton $1,085,600 Means; assumes 1.6 ton/cy
Place and Compact 29,500 cy $6.22 /cy $183,500 Means
Site Restoration
Site Grading 23 ac $2,150 /ac $49,450 Means
Re-Vegetation (forested) 11.5 ac $43,500 /ac $500,250 Means; hydroseeding, trees @ 20' spacing, shrubs @ 6' spacing
Re-Vegetation (unforested) 11.5 ac $2,800 /ac $32,200 Means; hydroseeding, shrubs @ 6' spacing

Temporary Irrigation System 11.5 ac $6,560 /ac $75,440
Temporary Drip System for trees and shrubs; cost from similar 
project

First Year of Irrigation 9 months $6,250 /month $56,250 Water truck/driver (Means); purchase water from City
Overhead, bonding, insurance 1 LS $645,000 /each $645,000 Assume 10% of construction - professional judgment

Construction Subtotal $7,095,000
Oversight and Reporting
Construction Management 130 day $500 /day $65,000 Professional judgment
Engineering Oversight 72 day $1,500 /day $108,500 Professional judgment
Report 1 LS $20,000 /each $20,000 Professional judgment
Agency Oversight (DEQ/EPA) 10 % $33,350 /each $3,300 Assumed 10% of engineering costs

Oversight and Reporting Subtotal $196,800
Long-Term Subtotal (Net Present Value) Assume net discount rate of 2.5% for present-worth calculations.

Plant Inspection and 
Replacement/Control 5 yr $26,600 /yr $133,000 Assume 5% of plant installation cost

Long-Term Annual Inspections 25 yr $3,800 /yr $95,000
Inspections only after cap maintenance and inspection period 
complete (w/ summary letter)

Long-Term Subtotal (Net Present Value) $228,000
Contingency

Contingency 15 % $7,743,000 /each $1,161,450 Professional judgment
Total Total $8,904,000
Notes:
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Table 14
Cost Table – Alternative 3b:  Alternative Excavation with Off-Site Disposal
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Component Extension Notes                        

Capital
Design, Permitting, Procurement
Work Plan Preparation 1 LS $20,000 /each $20,000 For DEQ review and approval
Survey 23 ac $3,600 /ac $82,800 Pre-design topographic survey (Means)

Drawings and Specifications 12 sheets $5,000 /each $85,000
Assume public bid; design sheets at $5,000 per sheet plus $25,000 
for Port Engineering

Permitting 1 LS $20,000 /each $20,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Procurement/Contracting 1 LS $15,000 /each $15,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Design and Procurement Subtotal $222,800
Construction
Site Prep
Utility Locating 24 hr $70 /hr $1,680 Unit rate from recent subcontract
Mobilization 1 LS $277,000 /each $277,000 Assume 10% construction total; includes contractor work plans
Access Road Improvements 1,420 sy $23.66 /sy $33,597 4-inch overlay (Means) along N Edgewater Ave
Erosion Control 4,500 lf $1.07 /foot $4,815 Means
Construction Entrance 1 LS $1,500 /each $1,500 25 x 60 rock construction entrance (per City req's)
Erosion Control Maintenance 5 months $640 /month $3,200 10% of Erosion Control and Construction Entrance

Dust Control 90 day $280 /day $25,200 Water truck/driver (Means); purchase water from City (0.5 gal/sy/hr)
Survey Control 23 ac $2,200 /ac $50,600 Means
Site Clearing (forested) 10.4 ac $9,700 /ac $100,525 Means (cut and chip trees, close-cut stumps)
Site Clearing (unforested) 11.5 ac $950 /ac $10,925 Means (shrub/brush mowing)
Site Clearing (native trees) 1.1 ac $950 /ac $1,080 Means (shrub/brush mowing)
Excavation

Soil Excavation and Load (standard) 43,000 cy $15.75 /cy $677,250 Means
Soil Excavation and Load (native 
trees) 1,834 cy $88 /cy $161,400 Means - hand excavation around minor structures, normal soil
Impacted Soil Waste Profiling
Chemical Analyses (TCLP metals) 90 each $150 /each $13,500 1 sample per 500 cubic yards; Unit rate from lab price list
Waste Profiling Data Package 20 hr $125 /hr $2,500 Soil data compilation and prepare waste profile forms
Transport Off-Site 76,200 ton $10 /ton $762,000 Means and professional judgement
Disposal 76,200 ton $30 /ton $2,286,000 Quote from Waste Management for Hillsboro Landfill

Confirmation Soil Sampling and 
Chemical Analyses 137 each $440 /each $60,400

Assume one sample per 100 lineal feet of perimeter and one sample 
per 5000 sf bottom; analyze for total metals (20% of samples for 
PAHs and 10% of samples for dioxins and PCBs); Unit rate from lab 
price list

Cap
Purchase/Deliver Topsoil for Cap 43,600 ton $23 /ton $1,002,800 Means; assumes 1.6 ton/cy
Place and Compact 27,263 cy $6.22 /cy $169,600 Means
Site Restoration
Site Grading 19 ac $2,150 /ac $40,784 Means
Re-Vegetation (forested) 7 ac $43,500 /ac $324,909 Means; hydroseeding, trees @ 20' spacing, shrubs @ 6' spacing
Re-Vegetation (unforested) 11.5 ac $2,800 /ac $32,200 Means; hydroseeding, shrubs @ 6' spacing

Temporary Irrigation System 11.5 ac $6,560 /ac $75,440
Temporary Drip System for trees and shrubs; cost from similar 
project

First Year of Irrigation 9 months $6,250 /month $56,250 Water truck/driver (Means); purchase water from City
Overhead, bonding, insurance 1 LS $617,500 /each $617,500 Assume 10% of construction - professional judgment

Construction Subtotal $6,793,000
Oversight and Reporting
Construction Management 130 day $500 /day $65,100 Professional judgment
Engineering Oversight 70 day $1,500 /day $105,100 Professional judgment
Report 1 LS $20,000 /each $20,000 Professional judgment
Agency Oversight (DEQ/EPA) 10 % $330,200 /each $33,020 Assumed 10% of engineering costs

Oversight and Reporting Subtotal $223,220
Long-Term Subtotal (Net Present Value) Assume net discount rate of 2.5% for present-worth calculations.

Plant Inspection and 
Replacement/Control 5 yr $17,900 /yr $89,500 Assume 5% of plant installation cost

Long-Term Annual Inspections 25 yr $3,800 /yr $95,000
Inspections only after cap maintenance and inspection period 
complete (w/ summary letter)

Long-Term Subtotal (Net Present Value) $185,000
Contingency

Contingency 15 % $7,424,020 /each $1,114,000 Professional judgment
Total Total $8,538,000
Notes:
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Table 15
Cost Table – Alternative 3c:  Standadard Excavation with On-Site Consolidation
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Component Extension Notes                        

Capital
Design, Permitting, Procurement
Work Plan Preparation 1 LS $20,000 /each $20,000 For DEQ review and approval
Survey 23 ac $3,600 /ac $82,800 Pre-design topographic survey (Means)

Drawings and Specifications 14 sheets $5,000 /each $95,000
Assume public bid; design sheets at $5,000 per sheet plus $25,000 
for Port Engineering

Permitting 1 LS $20,000 /each $20,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Procurement/Contracting 1 LS $15,000 /each $15,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Soil Management Plan/Institutional 
Controls 1 LS $20,000 /each $20,000 Professional judgment

Design and Procurement Subtotal $253,000
Construction
Site Prep
Utility Locating 24 hr $70 /hr $1,680 Unit rate from recent subcontract
Mobilization 1 LS $336,000 /each $336,000 Assume 10% construction total; includes contractor work plans
Access Road Improvements 1,420 sy $23.66 /sy $33,600 4-inch overlay (Means) along N Edgewater Ave
Erosion Control 4,500 lf $1.07 /foot $4,800 Means
Construction Entrance 1 LS $1,500 /each $1,500 25 x 60 rock construction entrance (per City req's)
Erosion Control Maintenance 5 months $640 /month $3,200 10% of Erosion Control and Construction Entrance

Dust Control 94 day $280 /day $26,320 Water truck/driver (Means); purchase water from City (0.5 gal/sy/hr)
Survey Control 23 ac $2,200 /ac $50,600 Means
Site Clearing (forested) 11.5 ac $9,700 /ac $111,550 Means (cut and chip trees, close-cut stumps)
Site Clearing (unforested) 11.5 ac $950 /ac $10,900 Means (shrub/brush mowing)
Excavation

Soil Excavation and Load (standard) 37,800 cy $15.75 /cy $595,400 Means
Tranport/Place On-Site 37,800 cy $8.73 /cy $330,000 Means

Confirmation Soil Sampling and 
Chemical Analyses 115 each $440 /each $50,800

Assume one sample per 100 lineal feet of perimeter and one 
sample per 5000 sf bottom; analyze for total metals (20% of 
samples for PAHs and 10% of samples for dioxins and PCBs); Unit 
rate from lab price list

Cap
Demarcation Fabric 24,300 sy $2.05 /sy $49,815 Means
Purchase/Deliver Topsoil for Cap 40,670 ton $23.00 /ton $935,400 Means; assumes 1.6 ton/cy
Purchase/Deliver Import Fill for Cap 20,660 ton $12.50 /ton $258,200 Means; assumes 1.7 ton/cy
Place and Compact 37,600 cy $6.22 /cy $233,900 Means
Site Restoration
Site Grading 23 ac $2,150 /ac $49,450 Means
Re-Vegetation (forested) 12 ac $43,500 /ac $500,250 Means; hydroseeding, trees @ 20' spacing, shrubs @ 6' spacing
Re-Vegetation (unforested) 11.5 ac $2,800 /ac $32,200 Means; hydroseeding, shrubs @ 6' spacing

Temporary Irrigation System 11.5 ac $6,560 /ac $75,440
Temporary Drip System for trees and shrubs; cost from similar 
project

First Year of Irrigation 9 months $6,250 /month $56,250 Water truck/driver (Means); purchase water from City
Overhead, bonding, insurance 1 LS $395,000 /each $395,000 Assume 10% of construction - professional judgment

Construction Subtotal $4,143,000
Oversight and Reporting
Construction Management 134 day $500 /day $67,100 Professional judgment
Engineering Oversight 72 day $1,500 /day $108,500 Professional judgment
Report 1 LS $20,000 /each $20,000 Professional judgment
Agency Oversight (DEQ/EPA) 10 % $365,600 /each $36,560 Assumed 10% of engineering costs

Oversight and Reporting Subtotal $233,000
Long-Term Subtotal (Net Present Value) Assume net discount rate of 2.5% for present-worth calculations.

Cap Inspection and Maintenance 15 yr $14,773 /yr $221,600 Assume 1% of cap installation cost
Plant Inspection and 
Replacement/Control 5 yr $29,095 /yr $145,500 Assume 5% of plant installation cost

Long-Term Annual Inspections 25 yr $3,800 /yr $95,000
Inspections only after cap maintenance and inspection period 
complete (w/ summary letter)

Long-Term Subtotal (Net Present Value) $463,000
Contingency

Contingency 15 % $5,092,000 /each $764,000 Professional judgment
Total Total $5,856,000
Notes:
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Table 16
Cost Table – Alternative 3d:  Standard Excavation and Off-Site Disposal and On-Site Consolidation
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Component Extension Notes                        

Capital
Design, Permitting, and 
Procurement
Design Investigation 1 LS $100,000 /each $100,000 Investigation to Fully Define Risk and Hot Spot Areas
Work Plan Preparation 1 LS $20,000 /each $20,000 For DEQ review and approval
Survey 23 ac $3,600 /ac $82,800 Pre-design topographic survey (Means)

Drawings and Specifications 14 sheets $5,000 /each $95,000
Assume public bid; design sheets at $5,000 per sheet plus $25,000 
for Port Engineering

Permitting 1 LS $20,000 /each $20,000
Professional judgment; assumes implemented/permitted w/ in-
water remedy

Procurement/Contracting 1 LS $15,000 /each $15,000
Professional judgment; assumes implemented/permitted w/ in-
water remedy

Soil Management Plan/Institutional 
Controls 1 LS $20,000 /each $20,000 Professional judgment

Design and Procurement Subtotal $353,000
Construction
Site Prep
Utility Locating 24 hr $70 /hr $1,680 Unit rate from recent subcontract
Mobilization 1 LS $331,000 /each $331,000 Assume 10% construction total; includes contractor work plans
Access Road Improvements 1,420 sy $23.66 /sy $33,600 4-inch overlay (Means) along N Edgewater Ave
Erosion Control 4,500 lf $1.07 /foot $4,800 Means
Construction Entrance 1 LS $1,500 /each $1,500 25 x 60 rock construction entrance (per City req's)
Erosion Control Maintenance 5 months $640 /month $3,200 10% of Erosion Control and Construction Entrance

Dust Control 94 day $280 /day $26,320 Water truck/driver (Means); purchase water from City (0.5 gal/sy/hr)
Survey Control 23 ac $2,200 /ac $50,600 Means
Site Clearing (forested) 11.5 ac $9,700 /ac $111,550 Means (cut and chip trees, close-cut stumps)
Site Clearing (unforested) 11.5 ac $950 /ac $10,925 Means (shrub/brush mowing)
Excavation

Soil Excavation and Load (standard) 37,798 cy $15.75 /cy $595,300 Means
Tranport/Place On-Site 32,450 cy $9 /cy $283,287 Means
Impacted Soil Waste Profiling
Chemical Analyses (TCLP metals) 11 each $150 /each $1,650 1 sample per 500 cubic yards; Unit rate from lab price list
Waste Profiling Data Package 4 hr $125 /hr $500 Soil data compilation and prepare waste profile forms
Transport Off-Site 9,100 ton $10 /ton $91,000 Means and professional judgement
Disposal 9,100 ton $30 /ton $273,000 Quote from Waste Management for Hillsboro Landfill

Confirmation Soil Sampling and 
Chemical Analyses 144 each $440 /each $63,360

Assume one sample per 100 lineal feet of perimeter and one 
sample per 5000 sf bottom; analyze for total metals (20% of 
samples for PAHs and 10% of samples for dioxins and PCBs); Unit 
rate from lab price list

Cap
Demarcation Fabric 24,300 sy $2.05 /sy $49,800 Means
Purchase/Deliver Topsoil for Cap 40,670 ton $23.00 /ton $935,400 Means; assumes 1.6 ton/cy
Purchase/Deliver Import Fill for Cap 20,700 ton $12.50 /ton $258,750 Means; assumes 1.7 ton/cy
Place and Compact 37,600 cy $6.22 /cy $233,900 Means
Site Restoration
Site Grading 23 ac $2,150 /ac $49,450 Means
Re-Vegetation (forested) 12 ac $43,500 /ac $500,250 Means; hydroseeding, trees @ 20' spacing, shrubs @ 6' spacing
Re-Vegetation (unforested) 11.5 ac $2,800 /ac $32,200 Means; hydroseeding, shrubs @ 6' spacing

Temporary Irrigation System 11.5 ac $6,560 /ac $75,440
Temporary Drip System for trees and shrubs; cost from similar 
project

First Year of Irrigation 9 months $6,250 /month $56,250 Water truck/driver (Means); purchase water from City
Overhead, bonding, insurance 1 LS $407,000 /each $407,000 Assume 10% of construction - professional judgment

Construction Subtotal $4,482,000
Oversight and Reporting
Construction Management 134 day $500 /day $67,000 Professional judgment
Engineering Oversight 72 day $1,500 /day $108,000 Professional judgment
Report 1 LS $20,000 /each $20,000 Professional judgment
Agency Oversight (DEQ/EPA) 10 % $465,000 /each $46,500 Assumed 10% of engineering costs

Oversight and Reporting Subtotal $242,000
Long-Term Subtotal (Net Present Value) Assume net discount rate of 2.5% for present-worth calculations.

Cap Inspection and Maintenance 15 yr $14,300 /yr $214,500 Assume 1% of cap installation cost
Plant Inspection and 
Replacement/Control 5 yr $26,600 /yr $133,000 Assume 5% of plant installation cost

Long-Term Annual Inspections 25 yr $3,800 /yr $95,000
Inspections only after cap maintenance and inspection period 
complete (w/ summary letter)

Long-Term Subtotal (Net Present Value) $443,000
Contingency

Contingency 15 % $5,520,000 /each $828,000 Professional judgment
Total Total $6,348,000
Notes:
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Table 17
Cost Table – Alternative 4a:  Focused Standard Excavation with Off-Site Disposal and Cap
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Component Extension Notes                        

Capital
Design, Permitting, and 
Procurement
Design Investigation 1 LS $100,000 /each $100,000 Investigation to Fully Define Risk and Hot Spot Areas
Work Plan Preparation 1 LS $20,000 /each $20,000 For DEQ review and approval
Survey 23 ac $3,600 /ac $82,800 Pre-design topographic survey (Means)

Drawings and Specifications 12 sheets $5,000 /each $85,000
Assume public bid; design sheets at $5,000 per sheet plus $25,000 
for Port Engineering

Permitting 1 LS $20,000 /each $20,000
Professional judgment; assumes implemented/permitted w/ in-
water remedy

Procurement/Contracting 1 LS $15,000 /each $15,000
Professional judgment; assumes implemented/permitted w/ in-
water remedy

Soil Management Plan/Institutional 
Controls 1 LS $20,000 /each $20,000 Professional judgment

Design and Procurement Subtotal $343,000
Construction
Site Prep
Utility Locating 8 hr $70 /hr $560 Unit rate from recent subcontract
Mobilization 1 LS $219,000 /each $219,000 Assume 10% construction total; includes contractor work plans
Access Road Improvements 1,420 sy $23.66 /sy $33,600 4-inch overlay (Means) along N Edgewater Ave
Erosion Control 4,500 lf $1.07 /foot $4,800 Means
Construction Entrance 1 LS $1,500 /each $1,500 25 x 60 rock construction entrance (per City req's)
Erosion Control Maintenance 5 months $640 /month $3,200 10% of Erosion Control and Construction Entrance

Dust Control 85 day $280 /day $23,800 Water truck/driver (Means); purchase water from City (0.5 gal/sy/hr)
Survey Control 23 ac $2,200 /ac $50,600 Means
Site Clearing (forested) 11.5 ac $9,700 /ac $111,550 Means (cut and chip trees, close-cut stumps)
Site Clearing (unforested) 11.5 ac $950 /ac $10,925 Means (shrub/brush mowing)
Excavation

Soil Excavation and Load (standard) 9,090 cy $15.75 /cy $143,200 Means
Impacted Soil Waste Profiling
Chemical Analyses (TCLP metals) 11 each $150 /each $1,650 1 sample per 500 cubic yards; Unit rate from lab price list
Waste Profiling Data Package 4 hr $125 /hr $500 Soil data compilation and prepare waste profile forms
Transport Off-Site 9,090 ton $10 /ton $90,900 Means and professional judgement
Disposal 9,090 ton $30 /ton $272,700 Quote from Waste Management for Hillsboro Landfill

Confirmation Soil Sampling and 
Chemical Analyses 41 each $440 /each $18,040

Assume one sample per 100 lineal feet of perimeter and one 
sample per 5000 sf bottom; analyze for total metals (20% of 
samples for PAHs and 10% of samples for dioxins and PCBs); Unit 
rate from lab price list

Cap
Demarcation Fabric 88,410 sy $2.05 /sy $181,200 Means
Purchase/Deliver Topsoil for Cap 23,600 ton $23.00 /ton $542,800 Means; assumes 1.6 ton/cy
Purchase/Deliver Import Fill for Cap 75,100 ton $12.50 /ton $938,750 Means; assumes 1.7 ton/cy
Place and Compact 58,900 cy $6.22 /cy $366,358 Means
Site Restoration
Site Grading 23 ac $2,150 /ac $49,450 Means
Re-Vegetation (forested) 12 ac $43,500 /ac $500,250 Means; hydroseeding, trees @ 20' spacing, shrubs @ 6' spacing
Re-Vegetation (unforested) 11.5 ac $2,800 /ac $32,200 Means; hydroseeding, shrubs @ 6' spacing

Temporary Irrigation System 11.5 ac $6,560 /ac $75,440
Temporary Drip System for trees and shrubs; cost from similar 
project

First Year of Irrigation 9 months $6,250 /month $56,250 Water truck/driver (Means); purchase water from City
Overhead, bonding, insurance 1 LS $373,000 /each $373,000 Assume 10% of construction - professional judgment

Construction Subtotal $4,102,000
Oversight and Reporting
Construction Management 125 day $500 /day $62,500 Professional judgment
Engineering Oversight 68 day $1,500 /day $102,000 Professional judgment
Report 1 LS $20,000 /each $20,000 Professional judgment
Agency Oversight (DEQ/EPA) 10 % $444,500 /each $44,450 Assumed 10% of engineering costs

Oversight and Reporting Subtotal $228,950
Long-Term Subtotal (Net Present Value) Assume net discount rate of 2.5% for present-worth calculations.

Cap Inspection and Maintenance 15 yr $14,800 /yr $222,000 Assume 1% of cap installation cost
Plant Inspection and 
Replacement/Control 5 yr $16,000 /yr $80,000 Assume 5% of plant installation cost

Long-Term Annual Inspections 25 yr $3,800 /yr $95,000
Inspections only after cap maintenance and inspection period 
complete (w/ summary letter)

Long-Term Subtotal (Net Present Value) $397,000
Contingency

Contingency 15 % $5,070,950 /each $761,000 Professional judgment
Total Total $5,832,000
Notes:
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Table 18
Cost Table – Alternative 4b:  Focused Alternative Excavation with Off-Site Disposal and Amended Cap
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Component Extension Notes                        

Capital
Design, Permitting, and 
Procurement
Design Investigation 1 LS $100,000 /each $100,000 Investigation to Fully Define Risk and Hot Spot Areas
Work Plan Preparation 1 LS $20,000 /each $20,000 For DEQ review and approval
Survey 23 ac $3,600 /ac $82,800 Pre-design topographic survey (Means)

Drawings and Specifications 12 sheets $5,000 /each $85,000
Assume public bid; design sheets at $5,000 per sheet plus $25,000 
for Port Engineering

Permitting 1 LS $20,000 /each $20,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Procurement/Contracting 1 LS $15,000 /each $15,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Soil Management Plan/Institutional 
Controls 1 LS $20,000 /each $20,000 Professional judgment

Design and Procurement Subtotal $343,000
Construction
Site Prep
Utility Locating 8 hr $70 /hr $560 Unit rate from recent subcontract
Mobilization 1 LS $244,000 /each $244,000 Assume 10% construction total; includes contractor work plans
Access Road Improvements 1,420 sy $23.66 /sy $33,600 4-inch overlay (Means) along N Edgewater Ave
Erosion Control 4,500 lf $1.07 /foot $4,800 Means
Construction Entrance 1 LS $1,500 /each $1,500 25 x 60 rock construction entrance (per City req's)
Erosion Control Maintenance 3 months $640 /month $1,920 10% of Erosion Control and Construction Entrance

Dust Control 58 day $280 /day $16,240 Water truck/driver (Means); purchase water from City (0.5 gal/sy/hr)
Survey Control 23 ac $2,200 /ac $50,600 Means
Site Clearing (forested) 5.8 ac $9,700 /ac $56,260 Means (cut and chip trees, close-cut stumps)
Site Clearing (unforested) 5.8 ac $950 /ac $5,510 Means (shrub/brush mowing)
Site Clearing (native trees) 1.1 ac $950 /ac $1,045 Means (shrub/brush mowing)
Excavation

Soil Excavation and Load (standard) 9,090 cy $15.75 /cy $143,168 Means
Impacted Soil Waste Profiling
Chemical Analyses (TCLP metals) 11 each $150 /each $1,650 1 sample per 500 cubic yards; Unit rate from lab price list
Waste Profiling Data Package 4 hr $125 /hr $500 Soil data compilation and prepare waste profile forms
Transport Off-Site 9,090 ton $10 /ton $90,900 Means and professional judgement
Disposal 9,090 ton $30 /ton $272,700 Quote from Waste Management for Hillsboro Landfill

Confirmation Soil Sampling and 
Chemical Analyses 41 each $440 /each $18,040

Assume one sample per 100 lineal feet of perimeter and one 
sample per 5000 sf bottom; analyze for total metals (20% of 
samples for PAHs and 10% of samples for dioxins and PCBs); Unit 
rate from lab price list

Cap
Demarcation Fabric 81,500 sy $2.05 /sy $167,075 Means
Purchase/Deliver Topsoil for Cap 47,200 ton $23.00 /ton $1,085,600 Means; assumes 1.6 ton/cy

Bulk Activated Carbon Amendment 200,000 lb $1.00 /lb $200,000
EPA, OSWER 9200.2-128FS, 2013; assume 1% by dry weight to 
supplement topsoil organics for 25% of area

Apply Amendment 200,000 lb $0.25 /lb $50,000 Professional judgment; could be direct application or blended
Place and Compact 29,500 cy $6.22 /cy $183,490 Means
Site Restoration
Site Grading 19 ac $2,150 /ac $40,850 Means
Re-Vegetation (forested) 5.8 ac $43,500 /ac $252,300 Means; hydroseeding, trees @ 20' spacing, shrubs @ 6' spacing
Re-Vegetation (unforested) 5.8 ac $2,800 /ac $16,240 Means; hydroseeding, shrubs @ 6' spacing

Temporary Irrigation System 11.5 ac $6,560 /ac $75,440
Temporary Drip System for trees and shrubs; cost from similar 
project

First Year of Irrigation 9 months $6,250 /month $56,250 Water truck/driver (Means); purchase water from City
Overhead, bonding, insurance 1 LS $307,000 /each $307,000 Assume 10% of construction - professional judgment

Construction Subtotal $3,377,000
Oversight and Reporting
Construction Management 98 day $500 /day $49,000 Professional judgment
Engineering Oversight 57 day $1,500 /day $85,500 Professional judgment
Report 1 LS $20,000 /each $20,000 Professional judgment
Agency Oversight (DEQ/EPA) 10 % $75,750 /each $7,600 Assumed 10% of engineering costs

Oversight and Reporting Subtotal $162,000
Long-Term Subtotal (Net Present Value) Assume net discount rate of 2.5% for present-worth calculations.

Cap Inspection and Maintenance 15 yr $12,700 /yr $190,500 Assume 1% of cap installation cost
Plant Inspection and 
Replacement/Control 5 yr $13,400 /yr $67,000 Assume 5% of plant installation cost

Long-Term Annual Inspections 25 yr $3,800 /yr $95,000
Inspections only after cap maintenance and inspection period 
complete (w/ summary letter)

Long-Term Subtotal (Net Present Value) $353,000
Contingency

Contingency 15 % $4,235,000 /each $635,250 Professional judgment
Total Total $4,870,000
Notes:

1. Means - 2017 RS Means Online Cost Estimating

Units Unit Cost
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Table 19
Cost Table – Alternative 4c: Focused Alternative Excavation with Off-Site Disaposal/On-Site Consolidation and Cap 
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Component Extension Notes

Capital
Design, Permitting, and 
Procurement
Design Investigation 1 LS $100,000 /each $100,000 Investigation to Fully Define Risk and Hot Spot Areas
Work Plan Preparation 1 LS $20,000 /each $20,000 For DEQ review and approval
Survey 23 ac $3,600 /ac $82,800 Pre-design topographic survey (Means)

Drawings and Specifications 14 sheets $5,000 /each $95,000
Assume public bid; design sheets at $5,000 per sheet plus $25,000 
for Port Engineering

Permitting 1 LS $20,000 /each $20,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Procurement/Contracting 1 LS $15,000 /each $15,000
Professional judgment; assumes implemented/permitted w/ in-water 
remedy

Soil Management Plan/Institutional 
Controls 1 LS $20,000 /each $20,000 Professional judgment

Design and Procurement Subtotal $353,000
Construction
Site Prep
Utility Locating 24 hr $70 /hr $1,680 Unit rate from recent subcontract
Mobilization 1 LS $288,000 /each $288,000 Assume 10% construction total; includes contractor work plans
Access Road Improvements 1,420 sy $23.66 /sy $33,600 4-inch overlay (Means) along N Edgewater Ave
Erosion Control 4,500 lf $1.07 /foot $4,800 Means
Construction Entrance 1 LS $1,500 /each $1,500 25 x 60 rock construction entrance (per City req's)
Erosion Control Maintenance 4 months $640 /month $2,560 10% of Erosion Control and Construction Entrance

Dust Control 80 day $280 /day $22,400 Water truck/driver (Means); purchase water from City (0.5 gal/sy/hr)
Survey Control 23 ac $2,200 /ac $50,600 Means
Site Clearing (forested) 10.4 ac $9,700 /ac $100,500 Means (cut and chip trees, close-cut stumps)
Site Clearing (unforested) 11.5 ac $950 /ac $10,900 Means (shrub/brush mowing)
Site Clearing (native trees) 1.1 ac $950 /ac $1,045 Means (shrub/brush mowing)
Excavation

Soil Excavation and Load (standard) 17,600 cy $15.75 /cy $277,200 Means
Soil Excavation and Load (native 
trees) 1,800 cy $88 /cy $158,400 Means - hand excavation around minor structures, normal soil
Tranport/Place On-Site 19,400 cy $8.73 /cy $169,400 Means
Impacted Soil Waste Profiling 0 0 $0 0
Chemical Analyses (TCLP metals) 11 each $150 /each $1,650 1 sample per 500 cubic yards; Unit rate from lab price list
Waste Profiling Data Package 4 hr $125 /hr $500 Soil data compilation and prepare waste profile forms
Transport Off-Site 9,090 ton $10 /ton $90,900 Means and professional judgement
Disposal 9,090 ton $30 /ton $272,700 Quote from Waste Management for Hillsboro Landfill

Confirmation Soil Sampling and 
Chemical Analyses 110 each $440 /each $48,400

Assume one sample per 100 lineal feet of perimeter and one 
sample per 5000 sf bottom; analyze for total metals (20% of 
samples for PAHs and 10% of samples for dioxins and PCBs); Unit 
rate from lab price list

Cap
Demarcation Fabric 73,077 sy $2.05 /sy $149,800 Means
Purchase/Deliver Topsoil for Cap 36,604 ton $23.00 /ton $841,900 Means; assumes 1.6 ton/cy
Purchase/Deliver Import Fill for Cap 4,444 ton $12.50 /ton $55,600 Means; assumes 1.7 ton/cy

Bulk Activated Carbon Amendment 100,000 lb $1.00 /lb $100,000
EPA, OSWER 9200.2-128FS, 2013; assume 1% by dry weight to 
supplement topsoil organics for 25% of area

Apply Amendment 100,000 lb $0.25 /lb $25,000 Professional judgment; could be direct application or blended
Place and Compact 27,300 cy $6.22 /cy $169,800 Means
Site Restoration
Site Grading 20 ac $2,150 /ac $43,000 Means
Re-Vegetation (forested) 11.5 ac $43,500 /ac $500,250 Means; hydroseeding, trees @ 20' spacing, shrubs @ 6' spacing
Re-Vegetation (unforested) 11.5 ac $2,800 /ac $32,200 Means; hydroseeding, shrubs @ 6' spacing

Temporary Irrigation System 11.5 ac $6,560 /ac $75,440
Temporary Drip System for trees and shrubs; cost from similar 
project

First Year of Irrigation 9 months $6,250 /month $56,250 Water truck/driver (Means); purchase water from City
Overhead, bonding, insurance 1 LS $359,000 /each $359,000 Assume 10% of construction - professional judgment

Construction Subtotal $3,945,000
Oversight and Reporting
Construction Management 120 day $500 /day $60,000 Professional judgment
Engineering Oversight 75 day $1,500 /day $112,500 Professional judgment
Report 1 LS $20,000 /each $20,000 Professional judgment
Agency Oversight (DEQ/EPA) 10 % $545,300 /each $54,500 Assumed 10% of engineering costs

Oversight and Reporting Subtotal $247,000
Long-Term Subtotal (Net Present Value) Assume net discount rate of 2.5% for present-worth calculations.

Cap Inspection and Maintenance 15 yr $11,900 /yr $178,500 Assume 1% of cap installation cost
Plant Inspection and 
Replacement/Control 5 yr $26,600 /yr $133,000 Assume 5% of plant installation cost

Long-Term Annual Inspections 25 yr $3,800 /yr $95,000
Inspections only after cap maintenance and inspection period 
complete (w/ summary letter)

Long-Term Subtotal (Net Present Value) $407,000
Contingency

Contingency 15 % $4,952,000 /each $742,800 Professional judgment
Total Total $5,695,000
Notes:

1. Means - 2017 RS Means Online Cost Estimating

Units Unit Cost
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Table 20
Summary of Remedial Alternatives
Willamette Cove Upland Facility
Portland, Oregon

Remove Consolidate Cap Remove Consolidate Cap Remove Consolidate Cap

1 No Action ▪ No action will be taken.

▪ A two-foot soil cap will be placed across the Site.
▪ All trees will be removed.
▪ A one-foot cap amended with organic matter will be placed across the Site.
▪ Native trees will be retained.

▪ Standard excavation will be used to remove all soil with concentrations above
human health and ecological risk levels.
▪ Soil will be disposed of in an off-Site landfill.
▪ All trees will be removed.
▪ Alternative excavation will be used to remove soil with concentrations above
human health and ecological risk levels.
▪ Soil will be disposed of in an off-Site landfill.
▪ Native trees will be retained.
▪ Standard excavation will be used to remove all soil with concentrations above
human health and ecological risk levels.
▪ Soil will be placed in an on-Site consolidation area.  The soil consolidation area
will be capped with two-feet of soil.
▪ All trees will be removed.
▪ Standard excavation will be used to remove all soil with concentration above
human health and ecological risk levels.
▪ Soil with high concentrations will be disposed of in an off-Site landfill.

▪ Remaining soil with concentrations above human health and ecological risk
levels will be placed in an on-Site consolidation area.  The soil consolidation area
will be capped with two-feet of soil.

▪ All trees will be removed.

▪ Standard excavation will be used to remove soil with high concentrations.
▪ Soil with high concentrations will be disposed of in an off-Site landfill.
▪ A two-foot soil cap will be placed across the Site.
▪ All trees will be removed.

▪ Alternative excavation will be used to remove soil with high concentrations.

▪ Soil with high concentrations will be disposed of in an off-Site landfill.

▪ A one-foot cap amended with organic matter will be placed across the Site.
▪ Native trees will be retained.

▪ Alternative excavation will be used to remove soil with high concentrations.

▪ Soil with high concentrations will be disposed of in an off-Site landfill.

▪ Remaining soil with concentrations above human health risk levels will be placed 
in an on-Site consolidation area.  The soil consolidation area will be capped with
two-feet of soil.
▪ A one- to two-foot soil cap will be placed across remaining areas with soil
concentrations above ecological risk levels.
▪ Native trees will be retained.

Notes:
1. High Concentrations Soil is defined as soil with a dioxin TEQ concentrations above the removal action level and/or soil with concentrations above hot spot levels for analytes other than dioxin/furans. 
2. Native Trees are defined as Madrone, big leaf maple, and Oregon white oak with a diameter greater than six inches at breast height. 
3. Organic matter will consist of a high concentration carbon material such as activated carbon or biochar with a large surface area for sorption and immobilization of large organic molecules.
4. Standard excavation is defined as excavation with large equipment without the consideration to the size or type of vegetation removed. 
5. Alternative excavation is defined as excavation with varying types of equipment and in consultation with an arborist as necessary to protect native trees. 
6. Focused excavation is defined as excavation targeting soil above a defined threshold concentration.  This can be combined with either standard or alternative excavation techniques. 





























Alternative 4 - Focused Excavation with Cap

























  

Focused Alternative 
Excavation with Off-Site 
Disposal, On-Site 
Consolidation, and Cap

4c

Focused Alternative 
Excavation with Off-Site 
Disposal and Amended 
Cap

4b

Focused Standard 
Excavation with Off-Site 
Disposal and Cap

4a



3a

3d

Amended Cap

Standard Cap

2b

2a

Alternative 2 - Cap

Alternative 3 - Excavation

Alternative 1 - No Action

Standard Excavation with 
Off-Site Disposal and On-
Site Consolidation

Standard Excavation with
On-Site Consolidation3c

Alternative Excavation with
Off-Site Disposal3b 

Standard Excavation with 
Off-Site Disposal

Alternative Description
High Concentration Soil Soil Above Human Health Risk Levels Soil Above Ecological Risk Levels Institutional 

Controls
Native Trees 

Retained
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Table 21
Soil Alternative Evaluation Summary
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

Alternative Protectiveness Effectiveness Long-Term Reliability Implementability Implementation Risk Reasonableness of Cost Ability to Treat Hot Spots
Unacceptable Rank: 10 Rank: 10 Rank: 1 Rank: 1 Rank: 1 Unacceptable

Protectiveness requirements are not met because 
contaminants are left in place at concentrations that exceed 
risk levels.

 - No action taken
 - Risks are not reduced or managed
 - Residual risk unacceptable

 - No long-term reliability  - Easiest to implement  - No implementation risks This alternative has no cost.
Total Cost: $0

This alternative does not treat or remove soil above hot spot 
or risk levels.

Acceptable Rank: 8 Rank: 8 Rank: 7 Rank: 7 Rank: 4 Poor
Overall excellent protectiveness.  Relies on long-term 
effectiveness and reliability through inspection, maintenance, 
and institutional controls.

 - No removal
 - 2-Foot Cap in-place is effective  
 - 6 months to construct

 - All soil remains on-site
 - 2-foot cap
 - Cap maintenance
 - Engineering/institutional controls
 - Soil management plan

- Excavate and Place On-Site: 0 cy                          - 
Excavate and Dispose Off-Site: 0 cy                           - 
Import: 59,000 cy
- 7,900 trips
- Easy coordination with in-water

 - Standard construction hazards
 - Removes native trees
 - 7,900 trips/79,000 mi

Capital:  $4,050,000
Long-Term (Present Worth):  $505,000
Contingency:  $683,000
Total:  $5,238,000

Does not remove or treat hot spots.

Acceptable Rank: 9 Rank: 9 Rank: 2 Rank: 2 Rank: 2 Poor
Protective.  Relies on long-term effectiveness and reliability 
through inspection, maintenance, and institutional controls.  
Uncertainty in long-term reliability of cap.

 - No soil removed
 - Soil capped in place
 - 1-Foot Cap with amendments has some uncertainty in 
effectiveness
 - Relies partially on access restrictions for human health; 
generally effective
 - 6 months to construct

 - All soil remains on-site
 - 1-foot amended cap
 - Cap maintenance
 - Engineering/institutional controls
 - Soil management plan
 - Long-term effectiveness of cap uncertain

- Excavate and Place On-Site: 0 cy                          - 
Excavate and Dispose Off-Site: 0 cy                           - 
Import: 29,000 cy
- 3,900 trips
- Easy coordination with in-water

 - Standard construction hazards
 - Saves native trees
 - 3,900 trips/39,000 mi

Capital:  $3,010,000
Long-Term (Present Worth):  $294,000
Contingency:  $509,000
Total:  $3,902,000

Does not remove or treat hot spots.

Acceptable Rank: 1 Rank: 1 Rank: 10 Rank: 10 Rank: 10 Excellent
The excavation and off-site disposal of impacted soils is 
highly protective to human health and the environment.  
Overall protectiveness is better than capping alternatives 
because the performance of an off-site landfill is presumed 
to be more protective than on-site capping of materials.

 - All soil removed off-site to landfill  
 - 6 months to construct

 - Off-site in controlled landfill - Excavate and Place On-Site: 0 cy                          - 
Excavate and Dispose Off-Site: 46,000 cy                           
- Import: 30,000 cy
- 10,000 trips
- Easy coordination with in-water

 - Standard construction hazards
 - Removes native trees
 - 10,000 trips/223,000 mi

Capital:  $7,523,000
Long-Term (Present Worth):  $228,000
Contingency:  $1,161,000
Total:  $8,904,000

This alternative removes hot spots within a reasonable time 
frame.

Acceptable Rank: 2 Rank: 3 Rank: 9 Rank: 9 Rank: 9 Good
Same as Alternative 3a except that soil above risk levels 
may be left below the drip line of trees (up to 6% of total 
area)

 - Most soil removed off-site to landfill
 - Some soil remains in tree drip line area (approx. 6% of 
total area)
 - 1-Foot cap of remaining soil is effective, but less so than 
thicker cap
 -  6 months to construct

 - Most soil off-site in controlled landfill
 - Remaining soil has 1-foot cap
 - Cap maintenance
 - Engineering/institutional controls
 - Soil management plan

- Excavate and Place On-Site: 0 cy                          
- Excavate and Dispose Off-Site: 43,000 cy                           
- Import: 27,000 cy
- 9,400 trips
- Easy coordination with in-water

 - Standard construction hazards
 - Saves native trees
 - 9,400 trips/208,000 mi

Capital:  $7,239,000
Long-Term (Present Worth):  $185,000
Contingency:  $1,114,000
Total:  $8,538,000

Removes a large portion of hot spots. 

Acceptable Rank: 4 Rank: 4 Rank: 5 Rank: 5 Rank: 7 Fair
Same as Alternative 3a except for the operation of the on-
Site landfill is less reliable than that of a commercial landfill. 

 - No removal
 - Soil consolidated prior to capping
 - 2-Foot Cap is effective  
 - 6 months to construct

 - All soil on-site in smaller footprint than Alt. 2
 - 2-foot cap
 - Cap maintenance
 - Engineering/institutional controls
 - Soil management plan

- Excavate and Place On-Site: 38,000 cy                          
- Excavate and Dispose Off-Site: 0 cy                           
- Import: 38,000 cy
- 5,000 trips
- Easy coordination with in-water

 - Standard construction hazards
 - Removes native trees
 - 5,000 trips/50,000 mi

Capital:  $4,619,000
Long-Term (Present Worth):  $463,000
Contingency:  $764,000
Total:  $5,865,000

Does not remove or treat hot spots.  Hot spots consolidated 
on-site beneath cap.

Acceptable Rank: 3 Rank: 2 Rank: 6 Rank: 6 Rank: 8 Moderate
Same as Alternative 3c except the removal of non-
dioxin/furan hot spots makes this more protective. 

 - Higher concentration soil removed
 - Remaining soil consolidated prior to capping
 - 2-Foot Cap is effective  
 - 6 months to construct

 - Same as Alternative 3c except higher concentration soil 
removed to off-site landfill

- Excavate and Place On-Site: 38,000 cy                          
- Excavate and Dispose Off-Site: 5,300 cy                           
- Import: 38,000 cy
- 5,800 trips
- Easy coordination with in-water

 - Standard construction hazards
 - Removes native trees
 - 5,800 trips/72,000 mi

Capital:  $5,077,000
Long-Term (Present Worth):  $443,000
Contingency:  $828,000
Total:  $6,348,000

This alternative removes non-dioxin/furan hot spots within a 
reasonable time frame.  Dioxin/furan hot spots consolidated 
on-site beneath cap.

Acceptable Rank: 6 Rank: 6 Rank: 8 Rank: 8 Rank: 6 Fair
Same as Alternative 2a except removal of non-dioxin/furan 
hot spots makes this more protective. 

 - Higher concentration soil removed
 - Remaining soil capped in place
 - 2-Foot Cap is effective  
 - 6 months to construct

 - Same as Alternative 2a except higher concentration soil 
removed to off-site landfill

- Excavate and Place On-Site: 0 cy                          
- Excavate and Dispose Off-Site: 5,300 cy                           
- Import: 59,000 cy
- 8,600 trips
- Easy coordination with in-water

 - Standard construction hazards
 - Removes native trees
 - 8,600 trips/100,000 miles

Capital:  $4,674,000
Long-Term (Present Worth):  $397,000
Contingency:  $761,000
Total:  $5,832,000

This alternative removes non-dioxin/furan hot spots within a 
reasonable time frame.  Dioxin/furan hot spots remain.

Acceptable Rank: 7 Rank: 7 Rank: 3 Rank: 3 Rank: 3 Fair
Same as Alternative 2b except the cap thickness is less, but 
the lesser thickness is off-set with the addition of the soil 
amendment.

 - Most higher concentration soil removed
 - Remaining soil capped in place
 - 1-Foot Cap with amendments has some uncertainty in 
effectiveness
 - Relies partially on access restrictions for human health; 
generally effective
 - 6 months to construct

 - Most higher concentration soil removed to off-site landfill
 - 1-foot amended cap
 - Cap maintenance
 - Engineering/institutional controls
 - Soil management plan

- Excavate and Place On-Site: 0 cy                          
- Excavate and Dispose Off-Site: 5,300 cy                           
- Import: 28,000 cy
- 4,400 trips
- Easy coordination with in-water

 - Standard construction hazards
 - Saves native trees
 - 4,400 trips/58,000 mi

Capital:  $3,990,000
Long-Term (Present Worth):  $443,000
Contingency:  $665,000
Total:  $4,870,000

This alternative removes non-dioxin/furan hot spots within a 
reasonable time frame.  Dioxin/furan hot spots remain.

Acceptable Rank: 4 Rank: 4 Rank: 4 Rank: 4 Rank: 5 Moderate
Overall very good protectiveness.  Most higher concentration 
soil removed.  Human health soil and remaining hot spot soil 
consolidated and capped.  Remaining area capped.  Relies 
on long-term effectiveness and reliability through inspection, 
maintenance, and institutional controls.

 - Most higher concentration soil removed
 - Remaining hot spot soil and soil above human health risk 
levels consolidated prior to 2-foot cap
 - Remaining soil with 1-Foot Cap is effective 
 - Access restrictions for human health generally effective
 - 6 months to construct

 - Higher concentration soil in controlled landfill
 - Soil above hot spot and human health risk levels 
consolidated and capped providing greater reliability than 
just capping
 - 1-foot cap on remaining lower risk soil
 - Cap maintenance
 - Engineering/institutional controls
 - Soil management plan

 - Excavate and Place On-Site: 20,000 cy                         
 - Excavate and Dispose Off-Site: 5,300 cy                          
 - Import: 28,000 cy
 - 4,500 trips
 - Easy coordination with in-water

 - Standard construction hazards
 - Saves native trees 
 - 4,500 trips/59,000 mi

Capital:  $4,545,000
Long-Term (Present Worth):  $407,000
Contingency:  $743,000
Total:  $5,695,000

This alternative removes non-dioxin/furan hot spots within a 
reasonable time frame.  Dioxin/furan hot spots consolidated 
on-site beneath a cap.

Alternative 4a:  Focused 
Standard Excavation and 
Offsite Disposal with Cap 

Alternative 4b:  Focused 
Alternative Excavation 

with Offsite Disposal and 
Amended Cap

Alternative 2b:  Amended 
Cap

Alternative 4c: Focused 
Alternative Excavation 

with Off-Site Disposal/On-
Site Consolidation and 

Cap

Alternative 1:  No Action

Alternative 2a:  Standard 
Cap

Alternative 3a:  Standard 
Excavation and Off-Site 

Disposal

Alternative 3b:  
Alternative Excavation 
and Off-Site Disposal

Alternative 3c: Standard 
Excavation and On-Site 

Consolidation

Alternative 3d:  Standard 
Excavation with Off-Site 

Disposal and On-Site 
Consolidation

Revised Feasibility Study and Source Control Evaluation
Willamette Cove Upalnd Facility

1056-10
Page 1 of 1



Table 22
Comparative Evaluation of Alternatives
Willamette Cove Upland Facility Feasibility Study 
Portland, Oregon

1 2a 2b 3a 3b 3c 3d 4a 4b 4c 1 2a 2b 3a 3b 3c 3d 4a 4b 4c 1 2a 2b 3a 3b 3c 3d 4a 4b 4c 1 2a 2b 3a 3b 3c 3d 4a 4b 4c 1 2a 2b 3a 3b 3c 3d 4a 4b 4c

1 No Action No - - - - - - - - - - - - - - - - - - + + + + + + + + + + + + + + + + + + + + + + + + + + + -- NA

2a Standard Cap Yes + + - - - - - - - + + - - - - - - - - - + + - - + - - - - + + - - + - - - - + + + + + - + -13 8

2b Amended Cap Yes + - - - - - - - - + - - - - - - - - - + + + + + + + + - + + + + + + + + - + + + + + + + + 7 3

3a Standard Excavation with Off-Site Disposal Yes + + + + + + + + + + + + + + + + + + - - - - - - - - - - - - - - - - - - - - - - - - - - - -9 7

3b Alternative Excavation with Off-Site Disposal Yes + + + - + + + + + + + + - + + + + + - - - + - - - - - - - - + - - - - - - - - + - - - - - -7 6

3c Standard Excavation with On-Site Consolidation Yes + + + - - - + + 0 + + + - - - + + 0 - + - + + + + - - - + - + + + + - - - - - + + + - - - 3 5

3d Standard Excavation with Off-Site Disposal and On-Site Consolidation Yes + + + - - + + + + + + + - - + + + + - + - + + - + - - - + - + + - + - - - - - + + - - - - 3 4

4a Focused Standard Excavation with Off-Site Disposal and Standard Cap Yes + + + - - - - + - + + + - - - - + - - - - + + - - - - - - - + + - - - - - - - + + + + - - -13 8

4b Focused Alternative Excavation with Off-Site Disposal and Amended Cap Yes + + + - - - - - - + + + - - - - - - - + - + + + + + + - + - + + + + + + - + - + + + + + + 9 2

4c Focused Alternative Excavation with Off-Site Disposal/On-Site Consolidation and Cap Yes + + + - - 0 - + + + + + - - 0 - + + - + - + + + + + - - + - + + + + + - - - - + + + + + - 11 1

Notes:

+ = The alternative is favored over the compared alternative (score=1) Alternative 1 2a 2b 3a 3b 3c 3d 4a 4b 4c

0 = The alternative is equal with the compared alternative (score=0) Alternative 2a 1 2b 3a 3b 3c 3d 4a 4b 4c

- = The alternative is less favorable than the compared alternative (score=-1) Alternative 2b 1 2a 3a 3b 3c 3d 4a 4b 4c

na = Not protective, therefore not ranked Alternative 3a 1 2a 2b 3b 3c 3d 4a 4b 4c

Alternative 3b 1 2a 2b 3a 3c 3d 4a 4b 4c

Alternative 3c 1 2a 2b 3a 3b 3d 4a 4b 4c

Alternative 3d 1 2a 2b 3a 3b 3c 4a 4b 4c

Alternative 4a 1 2a 2b 3a 3b 3c 3d 4b 4c

Alternative 4b 1 2a 2b 3a 3b 3c 3d 4a 4c

Alternative 4c 1 2a 2b 3a 3b 3c 3d 4a 4b

Alternative Compared Against:

Protective

Balancing Factors

Score Rank
Release Area Alternative Effectiveness

Long-Term 
Reliability Implementability Implementation Risk Reasonableness of Cost
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Table 23
Residual Risk
Willamette Cove Upland Facility 
Portland, Oregon

Cancer Non-Cancer Cancer Non-Cancer Cancer Non-Cancer

Antimony 2.4 0.2 -- 4.5 -- 0.5 -- -- -- 0.4
Arsenic 1.7 -- -- -- 3.4 0.4 -- -- -- --

Chromium 0.7 0.7 -- -- -- -- -- -- -- --
Copper 20 17 16 17 -- 0.1 -- -- -- 0.1

Lead 12 0.8 18 12 -- 3.6 -- -- -- --
Mercury 89 116 151 7.5 -- -- -- -- -- --

Nickel 2.2 0.4 -- 2.2 -- -- -- -- -- --
Selenium 0 -- -- -- -- -- -- -- -- --

Zinc 3.8 3.8 -- 3.4 -- -- -- -- -- --
Total HPAH -- 5.9 -- 19 -- -- -- -- -- --
Total LPAH -- 1.1 -- -- -- -- -- -- -- --

BaP Eq -- -- -- -- 30.3 -- -- -- -- --
Dibenzofuran -- -- -- 58 -- -- -- -- -- --

Total PCBs 0.003 -- 0.2 1.1 0.2 0.03 0.008 0.0005 0.01 0.02
Dixoin/Furan TEQ -- -- 29 425 173 15 8.1 0.2 15 11

Maximum ER 89 116 151 425 173 15 8.1 0.2 15 11

Antimony 2.4 0.2 -- 4.5 -- 0.5 -- -- -- 0.4
Arsenic 0.5 -- -- -- 3.4 0.4 -- -- -- --

Chromium 0.5 0.5 -- -- -- -- -- -- -- --
Copper 1.5 1.3 1.2 1.2 -- 0.009 -- -- -- 0.007

Lead 2.3 0.2 6.1 2.3 -- 0.7 -- -- -- --
Mercury 1.2 3.6 4.9 0.1 -- -- -- -- -- --

Nickel 1.1 0.2 -- 1.1 -- -- -- -- -- --
Selenium 0.0 -- -- -- -- -- -- -- -- --

Zinc 3.2 3.2 -- 2.9 -- -- -- -- -- --
Total HPAH -- 1.2 -- 3.7 -- -- -- -- -- --
Total LPAH -- 0.2 -- -- -- -- -- -- -- --

BaP Eq -- -- -- -- <100 -- -- -- -- --
Dibenzofuran -- -- -- 0.0 -- -- -- -- -- --

Total PCBs 0.003 -- 0.2 1.1 0.2 -- 0.0 0.0 0.0 0.0
Dioxin/Furan TEQ -- -- <17 <250 <67 <6 <3 <0.1 <6 <4

Maximum ER 3.2 3.6 <17 <250 <100 <6 <3 <0.1 <6 <4

Antimony 0.5 0.03 -- 0.8 -- 0.1 -- -- -- 0.07
Arsenic 0.3 -- -- -- 0.6 0.1 -- -- -- --

Chromium 0.4 0.4 -- -- -- 0 -- -- -- --
Copper 0.9 0.8 0.7 0.8 -- -- -- -- -- 0.004

Lead 2.3 0.2 3.5 2.3 -- 0.7 -- -- -- --
Mercury 0.7 1.0 1.0 0.1 -- -- -- -- -- --

Nickel 1.1 0.2 -- 1.1 -- -- -- -- -- --
Selenium 0 -- -- -- -- -- -- -- -- --

Zinc 2.6 2.6 -- 2.4 -- -- -- -- -- --
Total HPAH -- 0.2 -- 0.5 -- -- -- -- -- --
Total LPAH -- 0.02 -- -- -- -- -- -- -- --

BaP Eq -- -- -- -- 0.8 -- -- -- -- --
Dibenzofuran -- -- -- 0 -- -- -- -- -- --

Total PCBs 0.003 -- 0.2 1.1 0.2 -- 0.008 0.0005 0.01 0.02
Dioxin/Furan TEQ -- -- <0.2 <2.5 <1 <0.09 <0.05 <0.001 <0.09 <0.07

Maximum ER 2.6 2.6 3.5 <2.5 <1 0.7 <0.05 <0.001 <0.09 <0.07
Notes:
RT/PU = Recreationsl Trespasser/Park Use

TT = Transient Trespasser

CW = Construction Worker

CW

 Maximum Exceedance Ratio
Exceedances Prior to Remedial Action (Baseline)

Following Removal of Non-Dioxin/Furan Hot Spots to Off-Site Landfill

Soils Outside Consolidated Cap After Consolidation of Soil Above Human Health PRGs

Contaminant of 
Concern

Ecological Receptors Human Health Receptors

Plant RT/PU TTMammalBird Invertebrate
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Note: Base map prepared from USGS 7.5-minute quadrangles of Linnton and Portland, OR, dated 2014 as provided by USGS.gov.
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electronic file provided by Hart Crowser.
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Area Covered by Rip-Rap
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Area Covered by Clean Imported Sand

Area of Armored Sediment Cap

Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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Legend:

Depth of Soil Exceeding PRGs (In Feet Below Ground Surface):

2015 Soil Removal Action Low Impact Excavation Areas
Surrounding Designated Native Tree Species

Ecological-1; Human Health - 0.5 Feet

Ecological-2; Human Health - 1.5 Feet

Ecological-3; Human Health - 2.0 Feet

Top of Bank

Ordinary High Water Line (20.1NAVD88) 

Mean High Water Line (13.3NAVD88) 

Ordinary Low Water Line (6.9NAVD88) 

2 Columbia River Datum; 3.2NAVD88
10

Remedial Action Area Exceeding PRGs

NOTES:

PRG = Preliminary Remediation Goal

Metals includes; Arsenic, Antimony, Chromium, Copper, Lead,

Mercury, Nickel, Selenium, and Zinc.
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Note:  The mercury hot spot on the West Parcel is based on the ISM result (0.359 mg/kg) versus the average background concentration (0.073 mg/kg).  Grab sampling on the West Parcel showed a hot spot of mercury in a single sample (concentration of 3.5).  That hot spot was removed in 2015.  The ISM sampling was conducted prior to the hot spot removal so may no longer be representative.  Regardless, these results indicate that the West parcel is generally below hot spot levels for mercury, but small isolated areas are above hot spot levels.  If four of the 50 sub-samples collected for the ISM sample contained a concentration of 3.7 mg/kg mercury (with the rest at background), that would result in the concentration detected in the ISM sample.  Prior to implementation of any action removing mercury hot spots from the West Parcel, sampling will be conducted to define the extent of the hot spot.  It was assumed that the area of the mercury hot spot would constitute 10 percent of the West Parcel area.

Legend:

Ecological Risk Area and Key Contaminants of Concern

Ecological Risk Sub-Area and Key Contaminants of Concern

Hg

Mean High Water (13.3 NAVD 88)

Top of Bank

Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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Remedial Action Area -
Non-Dioxin/Furon Hot Spots

Legend:

2015 Soil Removal Action Low Impact Excavation Areas
Surrounding Designated Native Tree Species

Non-Dioxin/Furan Hot Spot (Depth 1-Foot Below Ground Surface)

2008 and 2015 Removal Action Area

Top of Bank

Ordinary High Water Line (20.1NAVD88) 

Mean High Water Line (13.3NAVD88) 

Ordinary Low Water Line (6.9NAVD88) 

-2 Columbia River Datum; 3.2NAVD88

Note:  The mercury hot spot on the West Parcel is based on the ISM result (0.359 mg/kg)
versus the average background concentration (0.073 mg/kg). Grab sampling on the
West Parcel showed a hot spot of mercury in a single sample (concentration of 3.5). 
That hot spot was removed in 2015. The ISM sampling was conducted prior to the hot
spot removal so may no longer be representative. Regardless, these results indicate
that the West parcel is generally below hot spot levels for mercury, but small isolated
areas are above hot spot levels. If four of the 50 sub-samples collected for the ISM
sample contained a concentration of 3.7 mg/kg mercury (with the rest at background),
that would result in the concentration detected in the ISM sample. Prior to implementation
of any action removing mercury hot spots from the West Parcel, sampling will be conducted
to define the extent of the hot spot. It was assumed that the area of the mercury hot spot
would constitute 10 percent of the West Parcel area.
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Legend:

2015 Soil Removal Deep Excavation Area

Standard Cap Area - 2-Foot thick soil cap.

2008 and 2015 Soil Removal Action Area

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species - No Additional Excavation Will Occur

Low Impact Excavation Area Surrounding Designated Tree Species - Anticipated
Excavation Depth of 1 Foot

Standard Excavation - Depth of 1 Foot

Standard Excavation - Depth of 2 Feet

Cap Area

Alternative 2a: Standard Cap

Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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-2 Columbia River Datum; 3.2NAVD88
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Legend:

2015 Soil Removal Deep Excavation Area

2015 Soil Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species

Amended Cap Area - 1-Foot thick soil cap amended with organic matter.

2008 and 2015 Soil Removal Action Area

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species - No Additional Excavation Will Occur

Low Impact Excavation Area Surrounding Designated Tree Species - Anticipated
Excavation Depth of 1 Foot

Standard Excavation - Depth of 1 Foot

Standard Excavation - Depth of 2 Feet

Cap Area

Alternative 2b: Amended Cap

Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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Legend:

2015 Soil Removal Deep Excavation Area

Standard Excavation Area - All soil above human health and ecological
risk levels excavated and taken off-site.

Note:  Standard excavation area is approximate.
Actual area will be determined by confirmation
sampling conducted during remedial action.

2008 and 2015 Soil Removal Action Area

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species - No Additional Excavation Will Occur

Low Impact Excavation Area Surrounding Designated Tree Species - Anticipated
Excavation Depth of 1 Foot

Standard Excavation - Depth of 1 Foot

Standard Excavation - Depth of 2 Feet

Cap Area

Alternative 3a: Standard Excavation
with Off-Site Disposal

Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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Legend:

2015 Soil Removal Deep Excavation Area

2015 Soil Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species

Alternative Excavation Area - All soil above human health and ecological
risk levels will be excavated and taken off-site, except near native trees
where only soil that can be removed without damaging trees will be excavated.

Note:  Alternative excavation area is approximate.
Actual area will be determined by confirmation
sampling conducted during remedial action.

2008 and 2015 Soil Removal Action Area

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species - No Additional Excavation Will Occur

Low Impact Excavation Area Surrounding Designated Tree Species - Anticipated
Excavation Depth of 1 Foot

Standard Excavation - Depth of 1 Foot

Standard Excavation - Depth of 2 Feet

Cap Area

Alternative 3b: Alternative Excavation
with Off-Site Disposal

Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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Legend:

2015 Soil Removal Deep Excavation Area

Standard Cap Area - 2-Foot thick soil cap.

Note:  Standard excavation and soil consolidation
areas are approximate. Actual areas will be determined
by confirmation sampling conducted during remedial action.

2008 and 2015 Soil Removal Action Area

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species - No Additional Excavation Will Occur

Low Impact Excavation Area Surrounding Designated Tree Species - Anticipated
Excavation Depth of 1 Foot

Standard Excavation - Depth of 1 Foot

Standard Excavation - Depth of 2 Feet

Cap Area

Alternative 3c: Standard Excavation
with On-Site Consolidation

Source:  Base map prepared from an
electronic file provided by Hart Crowser.

0 200

Approximate Scale in Feet

400Standard Excavation Area - All soil above human health and ecological
risk levels excavated and placed in soil consolidation area.

Top of Bank

Ordinary High Water Line (20.1NAVD88) 

Mean High Water Line (13.3NAVD88) 

Ordinary Low Water Line (6.9NAVD88) -2 

Columbia River Datum; 3.2NAVD88
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Legend:

2008 and 2015 Soil Removal Action Area

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species - No Additional Excavation Will Occur

Low Impact Excavation Area Surrounding Designated Tree Species - Anticipated
Excavation Depth of 1 Foot

Standard Excavation - Depth of 1 Foot

Standard Excavation - Depth of 2 Feet

Cap Area

Alternative 3d: Standard Excavation with
Off-Site Disposal/On-Site Consolidation

Source:  Base map prepared from an
electronic file provided by Hart Crowser.

0 200

Approximate Scale in Feet

400

2015 Soil Removal Deep Excavation Area

Standard Cap Area - 2-Foot thick soil cap.

Note:  High concentration, standard excavation, and soil
consolidation areas are approximate. Actual areas will be
determined by confirmation sampling conducted during
remedial action.

Standard Excavation Area - High concentration soil excavated and taken
off-site. Remaining soil above human health and ecological risk levels
excavated and placed in soil consolidation area.

Top of Bank

Ordinary High Water Line (20.1NAVD88) 

Mean High Water Line (13.3NAVD88) 

Ordinary Low Water Line (6.9NAVD88) 

-2 Columbia River Datum; 3.2NAVD88
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Legend:

2008 and 2015 Soil Removal Action Area

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species - No Additional Excavation Will Occur

Low Impact Excavation Area Surrounding Designated Tree Species - Anticipated
Excavation Depth of 1 Foot

Standard Excavation - Depth of 1 Foot

Standard Excavation - Depth of 2 Feet

Cap Area

Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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400

Alternative 4a: Focused Standard Excavation
with Off-Site Disposal and Standard Cap2015 Soil Removal Deep Excavation Area

Standard Cap Area - 2-Foot thick soil cap.

Note:  High concentration, standard excavation, and standard cap
areas are approximate. Actual area will be determined by confirmation
sampling conducted during remedial action.

Standard Excavation Area - High concentration
soil excavated and taken off-site.
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Legend:

2008 and 2015 Soil Removal Action Area

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species - No Additional Excavation Will Occur

Low Impact Excavation Area Surrounding Designated Tree Species - Anticipated
Excavation Depth of 1 Foot

Standard Excavation - Depth of 1 Foot

Standard Excavation - Depth of 2 Feet

Cap Area

Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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Alternative 4b: Focused Alternative Excavation
with Off-Site Disposal and Amended Cap

2015 Soil Removal Deep Excavation Area

2015 Soil Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species

Amended Cap Area - 1-Foot thick soil cap amended with organic matter.

Note:  High concentration and alternative excavation areas are approximate. Actual areas
will be determined by confirmation sampling conducted during remedial action.

Alternative Excavation Area - All high concentration soil excavated and taken
off-site, except near native trees where only soil that can be removed
without damaging trees will be excavated.

2015 Soil Removal Deep Excavation Area

Retained Native Tree (Madrone, Oregon White Oak, or Big Leaf Maple)

2015 Soil Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species

Standard Cap Area - 2-Foot thick soil cap.

Top of Bank

Ordinary High Water Line (20.1NAVD88) 

Mean High Water Line (13.3NAVD88) 
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Legend:

2008 and 2015 Soil Removal Action Area

2015 Soil Removal Deep Excavation Area

Native Tree (Madrone, Oregon White Oak, or Big Leaf Maple)

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species

Low Impact Excavation Area Surrounding Designated Tree Species

2008 and 2015 Soil Removal Action Area

2015 Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species - No Additional Excavation Will Occur

Low Impact Excavation Area Surrounding Designated Tree Species - Anticipated
Excavation Depth of 1 Foot

Standard Excavation - Depth of 1 Foot

Standard Excavation - Depth of 2 Feet

Cap Area

Source:  Base map prepared from an
electronic file provided by Hart Crowser.
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Alternative 4c: Focused Alternative Excavation
with Off-Site Disposal/On-Site
Consolidation and Standard Cap2015 Soil Removal Deep Excavation Area

2015 Soil Removal Action Low Impact Excavation Areas Surrounding
Designated Native Tree Species

Standard Cap Area - 2-Foot thick soil cap.

Standard Cap Area - One- to 2-foot thick soil cap
over areas where soil concentrations exceed ecological
risk levels according to soil cap thickness decision matrix.

Alternative Excavation Area - All high concentration
soil excavated and taken off-site, all soil above human
health risk levels placed in soil consolidation area,
except near native trees where only soil that can be
removed without damaging trees will be excavated.Note:  High concentration, alternative excavation, standard cap, and soil

consolidation areas are approximate. Actual areas will be determined by
confirmation sampling conducted during remedial action.
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